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    New Year - New Challenges - New Achievements.

  
  
  

  Domingo M. BraileI
  
  

  At the beginning of November, the Manager of the Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV), Dr. Meryt Zanini, the Editorial Assistant Camila Sáfadi and I participated in the IX WORKSHOP OF SCIENTIFIC EDITING, a specific event for Scientific Editors and professionals working with Scientific Journals in our country.

  Among the topics discussed, the concern with the financial maintenance of scientific journals was at the top of the discussions, considering that the budget crisis faced by the development agencies was a multiplier of this situation in constant aggravation.

  Another point widely debated is what concerns the relevance of the work of the Reviewers, and eventual forms of recognition of this important work, in the Universities, Institutions, and especially regarding CAPES (Coordination for the Improvement of Higher Education Personnel).

  I have been insisting and claiming for a long time that CAPES should recognize the voluntary work of the Editors, Reviewers and those who give their technical opinion on the articles, punctuating its performance, by the number of reviews and opinions issued, similar to the conduct adopted in relation to the published articles.

  The counterpoint lies in the demands, which are increasingly greater in relation to the quality of the opinions, something that must be structured and justified, since they are absolutely essential for the improvement of the manuscript to be published.

  This is something that should be done together with the author, aiming at improving the articles and, consequently, improving the scientific publications, opening the necessary quotations indispensable to increase the Impact Factor, which is our greatest goal.

  During the 5 days of the event, we were pleased to note the great evolution presented by the Brazilian Journal of Cardiovascular Surgery (BJCVS), showing its improvement and, above all, its maintenance at the top of the scientific-editorial innovations.

  Once again we have made sure that the whole process of changes that we have been going through in recent months was the right decision, because we were able to fulfill all the necessary requirements to become one of the leading publications in the surgical field.

  We are part of the small number of scientific journals indexed in all the important International Databases. This is one of the reasons why we adopted a few years ago, the trend currently confirmed of the publication being done exclusively in English, in digital texts with all the facilities offered by this technology, allowing online consultations, hypertexts and the diffusion of our works around the globe where English is considered the universal scientific language.

  We made efforts to join the ScholarOne editorial submission and management system, recognized and used by major journals, a measure that is already showing results by the number of manuscripts coming from overseas, which are some of the traditional nations in the areas of research and development.

  We also have spared no effort to rapidly join social media, occupying a vanguard position still incipient in other Brazilian journals! We have witnessed a steady rise in BJCVS followers in our Facebook page and our Blog, and we are working to open up our range of influence when it comes to spreading ideas in this hotly contested area.

  It is clear that in the near future, articles and scientific journals will use this tool as an immediate forum for discussions of the most varied and disruptive subjects of the specialty. Obstacles will always be a permanent challenge in our scientific path, however, we are optimistic that the BJCVS, with the collaboration of researchers, authors and those who voluntarily collaborate with the Editorial Board, will reach its goals soon, putting the Journal back at the top of scientific publications of the specialty. Commitment is the watchword. And, fortunately, it is a verb conjugated by all who, tirelessly, help the BJCVS.
  

  LET'S KEEP UP THE FIGHT!

  With the issue 31.6, we are completing the second year in which the Brazilian Journal of Cardiovascular Surgery became a bimonthly publication, (an issue every two months) besides a supplement issue.

  Difficulties and victories are part of our routine, but with each achievement the emotion and the feeling we have when we accomplish our goals encourages us to continue.

  This is the right time to thank the Board and the SBCCV Members for their continued support and prestige.

  We should also thank the Authors, Associate Editors and Reviewers of the BJCVS who keep our journal alive.

  With great affection, I thank the dedicated collaborators of the SBCCV and the BJCVS, who struggle to ensure that everything is done in the most appropriate way, always willing to help with joy and enthusiasm.

  The BJCVS wishes a merry Christmas with illuminated charity and compassion, renewing in each one of us the deep feelings of faith and hope.

  May the New Year be our companion in joy and friendship that surrounds us in a great family, united in the ideal of improving humanity.

  My warmest regards!.

  
    Domingo M. Braile

      1Editor-in-Chief - BJCVS.
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    Radiation Exposure in Endovascular Infra-Renal Aortic Aneurysm Repair and Factors that Influence It.

  

   

   

  Rui MachadoI; Vitor Miguel Dias FerreiraI; Luis LoureiroI; João GonçalvesI; Pedro OliveiraII; Rui AlmeidaI
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    ABSTRACT

    OBJECTIVE: The endovascular repair of aortic abdominal aneurysms exposes the patients and surgical team to ionizing radiation with risk of direct tissue damage and induction of gene mutation. This study aims to describe our standard of radiation exposure in endovascular aortic aneurysm repair and the factors that influence it..

    METHODS: Retrospective analysis of a prospective database of patients with abdominal infra-renal aortic aneurysms submitted to endovascular repair. This study evaluated the radiation doses [dose area product (DAP)], fluoroscopy durations and their relationships to the patients, aneurysms, and stent-graft characteristics..

    RESULTS: This study included 127 patients with a mean age of 73 years. The mean DAP was 4.8 mGy.m2, and the fluoroscopy time was 21.8 minutes. Aortic bilateral iliac aneurysms, higher body mass index, aneurysms with diameters larger than 60 mm, necks with diameters larger than 28 mm, common iliac arteries with diameters larger than 20 mm, and neck angulations superior to 50 degrees were associated with an increased radiation dose. The number of anatomic risk factors present was associated with increased radiation exposure and fluoroscopy time, regardless of the anatomical risk factors..

    CONCLUSION: The radiation exposure during endovascular aortic aneurysm repair is significant (mean DAP 4.8 mGy.m2) with potential hazards to the surgical team and the patients. The anatomical characteristics of the aneurysm, patient characteristics, and the procedure's technical difficulty were all related to increased radiation exposure during endovascular aortic aneurysm repair procedures. Approximately 40% of radiation exposure can be explained by body mass index, neck angulation, aneurysm diameter, neck diameter, and aneurysm type.

    Keywords: Aortic Aneurysm, Abdominal. Endovascular Procedures. Radiation Exposure. Occupational Exposure.

  

   

   

  INTRODUCTION

  The number and complexity of endovascular therapies are increasing in the current treatment of aortic aneurysms. As a result of this conduct change, vascular surgeons are frequently involved in procedures requiring high doses of ionizing radiation, which exposes the surgical team and the patients to potential hazards. This exposure is a necessary and accepted feature of modern vascular surgical practice, yet the training in radiation usage and protection is below ideal, particularly among surgeons[1,2].

  In addition to the radiation exposure of the patient and the surgical team during the procedure, it is necessary to consider the patient's exposure to radiation during the preoperative study and follow-up through serial computerized tomography (CT) scans. It is estimated that 100 deaths per year occur in the United Kingdom as a direct result of exposure to radiation in diagnosing and treating diseases, and that 700 cancer cases per year result from diagnostic radiography[3]. It is also estimated that cardiology interventional procedures cause 83 cancer cases per 100,000 procedures[3]. The consequences of radiation usage in vascular interventions are less well studied.

  The radiation exposure can cause two adverse effects: deterministic effect and stochastic effect. The deterministic effect consists of a direct lesion causing cellular death when a radiation dose exceeds a defined threshold[4-6]. A transitory skin lesion appears when the 2 Gy dose is exceeded, hair loss occurs above a dose of 3 Gy, skin atrophy and necrosis happen at a dose of 10–12 Gy, desquamation occurs at a dose of 14–18 Gy, and ulceration appears at a dose of 24 Gy or more[4,7]. There are no such lesions related to the EVAR procedures described, but there is evidence confirming that one third of the patients are exposed to a dose of 2 Gy or more[4]. Additionally, follow-up CT scans or secondary procedures might be required, increasing the risk of the occurrence of direct skin lesions[8,9]. Often, the signs are subtle and delayed, and the cause-effect relationship may pass unnoticed. The growing utilization of fenestrated or branched endoprosthesis to treat complex aneurysms might increase the radiation usage and the risk of lesion occurrence. A patient's comorbidities, such as diabetes mellitus, conjunctive tissue diseases (systemic erithematosus lupus and sclerodermia), chemotherapy, and previous exposure to radiation also increase the risk of lesion occurrence[4].

  The stochastic effect is related to inducing gene mutation and malignancy. The risk of malignancy increases with cumulative doses of radiation, but it may be induced by any dosage. Therefore, there is not a minimum threshold below which the lesion does not occur, and the severity of the effect is independent of the total radiation dose[5,6]. It can be evaluated by micronucleus assay of circulating lymphocytes, which is a sensitive marker of biological lesion and of intermediate stages of carcinogenesis[10]. The radiation-induced malignancy is probably of minimal concern; however, younger and fitter patients may have a greater risk and must be informed about the risks and alternatives. Factors associated with an increased cancer risk are young patient age and aneurism neck angulations, which cause difficulties on stent graft placement[11]. A recent debate on whether or not young, good-risk patients should be treated with endovascular abdominal aortic aneurysm repair instead of open surgery shows that it is necessary to understand the late consequences of radiation[12].

  Taking into consideration the deleterious effects of radiation, the EURATOM Directive 97/43 dictates the necessity to protect individuals from radiation, register the quantitative exposure in all procedures, and inform the patients about the risks of exposure[13]. It is essential to know the levels of exposure of each procedure and establish the standard to take actions to diminish the radiation exposure in conformity to the As Low As Reasonably Achievable (ALARA) principle[14].

  This study aims to define the standard of radiation exposure in endovascular aortic aneurysm repair (EVAR) and the factors that influence it.

   

  METHODS

  This study is a retrospective analysis of our prospective database of EVAR that includes treated cases from January 2007 to January 2013, in a university hospital. All EVAR procedures were performed in an operating room using a radiolucent table and Philips C-arm BV Pulsera fluoroscopy. Low-dose fluoroscopy was performed using pulse beam fluoroscopy. All procedures were performed by a team consisting of two senior vascular surgeons. The same surgeon controlled and moved the C-arm, ensuring the homogeneity of the sample. The ALARA principle was applied in all cases. All cases were planned with CT angiogram with reconstruction. Pre-operative C-arm angle was not calculated for all cases.

  This study evaluated the indirect measurements of radiation exposure calculated by the C-arm software (Dose area product expressed as mGy.m2), fluoroscopy duration, procedure duration, and the patient's age, sex, body mass index (BMI), aneurysm diameter, anatomic type of the endoprosthesis (aorto-biiliac [ABI], aorto-uni-iliac [AUI]), and endoprosthesis fixation (supra-renal or infra-renal). The stent grafts were Gore Excluder (Flagstaff, AZ, USA), Medtronic Talent (Minneapolis, MN, USA), and Medtronic Endurant (Minneapolis, MN, USA). No branched or fenestrated devices were used. Anatomical risk factors that could increase the technical difficulty of the procedure and influence the radiation dose were also registered, including a neck length inferior to 10 mm, a neck angle of more than 50 degrees, a neck diameter of more than 28 mm, a neck calcification of more than 50% of the circumference, a neck thrombus of more than 50% of the circumference, a common iliac diameter more than 20 mm, and great iliac tortuosity. Three groups of anatomical complexity were also defined as: Group 1 having none of the anatomical risk factors listed above; Group 2 having one anatomical risk factor listed above; and Group 3 having two or more anatomical risk factors listed above.

  Indirect measurement of the radiation exposure, which was validated in multiple studies, was used as a reliable data source when comparing it with a direct skin dose measurement (peak skin dose) using radiochromic films[4,5]. The patients' ages were divided into three groups for statistical analysis as follows: less than 70 years old, 70–80 years old, and above 80 years old. The patients' BMIs were subdivided into three categories: less than 25 kg/m2, between 25 and 30 kg/m2, and above 30 kg/m2.

  Statistical analysis included a t-test for two independent samples, an analysis of variance in the case of several groups, and a chi-square for comparing proportions concerning categorical variables. Non-parametric tests were also used when normality or homogeneity of variances was not observed. In order to evaluate the relation between exposure to radiation and aneurysm morphological variables together with BMI, several multiple regression models were studied. In order to obtain a normal distribution of the residuals, the dependent variable, exposure to radiation, was log-transformed. The final model included as independent variables, BMI, neck angulation, neck diameter, aneurism diameter and type of aneurysm. BMI was included as continuous variables and the remaining variables were included as binary variables. All of the analyses were performed using IBM SPSS Statistics software, version 22. Statistical significance was set at P<0.05.

   

  RESULTS

  The study included 127 patients with an average age of 73 years (minimum 38 years, maximum 92 years). Of these patients, 86.2% were males and 13.8% were females, all with an average BMI of 26.83 (17–43) kg/m2. The mean aneurysm diameter was 61 mm (25–106 mm), and the mean neck length was 22.41 mm (5–70 mm). The mean procedure duration was 103 minutes (27–332 minutes), and the mean fluoroscopy time was 20.6 minutes (7.6–64.8 minutes).

  The average radiation exposure was 4.8 mGy.m2 (standard deviation of 3.2, median 4.0, minimum 0.94, and maximum 15.86). The average fluoroscopy time was 21.8 minutes (standard deviation 11.4, median 19.21, minimum 5.9, and maximum 129.8 minutes). There was a strong correlation between radiation exposure and the fluoroscopy time (Pearson correlation of 0.8). The mean dose area product (DAP) and fluoroscopy time for ABI stent grafts was 4.7 mGy.m2 and 22.5 minutes, respectively. For the AUI stent grafts, the mean was 4.4 mGy.m2 and the fluoroscopy time was 18.6 minutes. There was no direct tissue lesions of any level observed that could be associated with deterministic radiation injury.

  When the patients were subdivided by age groups, the radiation dose was 4.8 mGy.m2, 4.7 mGy.m2, and 4.8 mGy.m2, and the fluoroscopy time was 20 minutes, 21.9 minutes, and 23.7 minutes for the < 70 years, 70–80 years, and > 80 groups, respectively. Concerning patient sex, the radiation dose was 4.8 mGy.m2 for the males and 3.7 mGy.m2 for the females; the fluoroscopy time for the males was 22 minutes and was 19.1 minutes for the females. There was no statistical correlation between patient age and sex with the radiation exposure dose and fluoroscopy time (Table 1).
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  Concerning the radiation exposure and the different BMI groups, there was a statistical correlation between the highest BMI (> 30 kg/m2) and increased exposure to radiation, P=0.005 (Figure 1). The DAP for the BMI < 25 kg/m2 group was 4.4 mGy.m2, for the BMI 25–30 kg/m2 group was 4.4 mGy.m2, and for the BMI > 30 kg/m2 group was 6.7 mGy.m2 (Table 1). The fluoroscopy time was also influenced by the patient's BMI, with longer exposure times on the patients with a larger BMI (BMI < 25 kg/m2, 23.6 minutes; BMI 25–30 kg/m2, 19.1 minutes; BMI > 30 kg/m2, 25.8 minutes) (Table 1).
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  Dose radiation and fluoroscopy time were also influenced by the aneurysm diameter. Smaller aneurysms (with a diameter less than 60 mm) were associated with less radiation doses (3.7 vs. 5.8 mGy.m2, P<0.001) and shorter fluoroscopy times (19 vs. 24.3 minutes, P=0.007) compared with larger aneurysms (with a diameter larger than 60 mm) (Table 2).
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  Regarding the anatomical risk factors previously defined, the radiation dose was increased in patients with a neck angulation superior to 50 degrees (3.7 vs. 6.6 mGy.m2, P<0.001), a neck diameter larger than 28 mm (4.6 vs. 8.5 mGy.m2, P=0.003), and a common iliac diameter larger than 20 mm (4.4 vs. 6.6 mGy.m2 on the left side, P=0.03; 4.2 vs. 6.4 mGy.m2 on the right side, P=0.001). The fluoroscopy time was increased in patients with a neck angulation superior to 50 degrees (17.9 vs. 28.1 minutes, P<0.001) and in patients with a common iliac diameter bigger than 20 mm (20.7 vs. 26.6 minutes on the left side, P=0.018; 20.7 vs. 24.8 on the right side, P=0.004). The neck calcification, neck length, neck thrombus, and increased iliac tortuosity were not associated with statistical significant differences of the radiation dose or fluoroscopy time. When evaluating patients by the number of anatomical complexity risk factors, the radiation exposure was 3.8 mGy.m2, 4.8 mGy.m2, and 6.7 mGy.m2 for no risk factors, one risk factor, and two or more risk factors, respectively. There was a statistical significant difference between the first two groups and the third group (P<0.001), demonstrating patients with increased anatomical complexity require more radiation exposure, regardless of which anatomical risk was present. The fluoroscopy time was also associated with the number of anatomical risk factors present with an average of 19.1 minutes, 22.2 minutes, and 26.2 minutes for the zero risk factors, 1 risk factor, and 2 or more risk factors groups, respectively (P=0.009) (Table 2).

  Concerning the morphology of the aneurysms, the aortic and bilateral iliac aneurysms required higher radiation doses compared to the aortic or aortic and unilateral iliac aneurysms (7.1 vs. 4.3 vs. 5.3 mGy.m2, respectively, P=0.005). The different types of stent grafts utilized (e.g., Talent, Excluder, or Endurant) or the presence of supra-renal or infra-renal fixation were not associated with differences on the radiation exposure (Table 2).

  The temporal evolution of radiation exposure and fluoroscopy time was erratic during the period of study, with no statistical trend observed.

  In order to evaluate the relation between exposure to radiation and aneurysm morphological variables together with BMI, several multiple regression models were studied. The final multiple regression model concerning exposure to radiation is presented in Table 3. Although several different models were studied, the variables included in the final model were: BMI, neck angulation, neck diameter, aneurysm diameter and type of aneurysm. The residual distribution, using as dependent variable the log transformation to radiation exposure, presented an approximated normal distribution. This model exhibited an adjusted R2 of approximately 40%. The two most important variables explaining the exposure to radiation were the BMI and neck angulation, as we can observe in Table 3
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  DISCUSSION

  Endovascular procedures have become a safe option to treat aortic aneurysms with growing complexity and application. It is of utmost importance to define the standard dose of radiation on endovascular aortic procedures in order to diminish it. There are multiple strategies described in the literature to reduce and limit the use of radiation, such as reducing fluoroscopy use as much as possible, avoiding digital subtraction angiography and magnification, and using proper collimation and radiation control[15,16]. Image control by the surgeon diminishes the cases of high exposure[17]. All of our cases were performed using a mobile C-arm device controlled by the surgeon in an operating theatre. The exposure of patients and operators to radiation is significantly reduced by routine use of image fusion during standard and complex EVAR and using hybrid fixed-imaging suite[18,19]. Standardized pre-operative planning of C-arm angle and catheter position with available computer software permits significant decrease of radiation exposure, contrast volume and blood loss[20].

  In this study, and in agreement with the published literature, there was no direct tissue lesions of any level observed. It should be noted that the mean dose exposure (4.8 mGy.m2) is above the safe limit and could be associated with transitory skin lesions and hair loss. The reported maximum exposure (15.86 mGy.m2) could induce skin atrophy, necrosis, and desquamation. During the procedure, the C-arm is moved for different angulations and incidences, which could diminish the risk of direct tissue lesions.

  Concerning the patient characteristics and their effect on the radiation used, the patient age and sex did not influence radiation exposure. A statistically significant correlation was obtained between the radiation exposure dose and the fluoroscopy time with the patient's BMI, in agreement with other case series[4,9,21-23]. In patients with a greater BMI, the X-ray beam must penetrate more tissue to reach the detector, thereby forcing, with automatic exposure control, a greater exposure to obtain an adequate image.

  Regarding the characteristics of the aneurysms that were treated, it was found that aortic and bilateral iliac aneurysms, aneurysms larger in diameter, increased neck angles, larger neck diameters, and larger common iliac diameters were associated with more radiation exposure. This was probably related to the increased technical difficulty on these cases. The neck calcification, neck length, neck thrombus, and iliac tortuosity were not associated with statistically significant differences of the radiation dose or fluoroscopy time. Nevertheless, the number of anatomic risk factors present was associated with increased radiation exposure and fluoroscopy time, regardless of which anatomical risk factors were present.

  The characteristics of the stent grafts used (e.g., model, anatomic type, supra-renal, or infra-renal fixation) were not related with statistically relevant changes on the radiation dose.

  When we compare our mean values of DAP and fluoroscopy time in the ABI group with the results described in the literature (Table 4), the results are comparable with the best published results.
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  Concerning the fluoroscopy and procedure times and their comparison with the published literature, the mean values in this study were 21.8 minutes (standard deviation 11.4, median 19.21, minimum 5.9, and maximum 129.8 minutes) and 103 minutes (27–332 minutes), respectively. On the OVER trial[24] the mean fluoroscopy was 23.0 minutes (17.0–31.0 minutes), and the procedure time was 174 minutes (138–222 minutes). On the DREAM trial[25] the mean fluoroscopy time was 25 minutes (7–43 minutes), and the procedure time was 135 minutes. On a randomized trial by Becquemin et al.[26] the mean fluoroscopy time was 16.3 minutes (2.8–29.8 minutes), and the procedure time was 125 minutes (71–179 minutes).

   

  CONCLUSION

  The radiation exposure during EVAR procedures is significant (mean DAP 4.8 mGy.m2) with potential hazards to the surgical team and the patients. The anatomical characteristics of the aneurysm (an aneurysm with aortic and bilateral iliac morphology, an aneurysm with a diameter larger than 60 mm, a neck diameter larger than 28 mm, common iliac arteries with a diameter larger than 20 mm, and a neck angulation superior to 50 degrees), the patient characteristics (higher BMI), and the technical difficulty of the procedure (more than 2 anatomic risk factors) were all related to increased radiation exposure during the EVAR procedure. A multiple regression model was developed to predict the relation of radiation exposure with the aneurysm morphological variables and BMI and the two most significant variables related to radiation exposure were BMI and neck angulation. New technology with fusion image and hybrid rooms may decrease the radiation and contrast exposure but are not available in the majority of vascular centres for standard EVAR. The exposure to radiation and the risks it entails should always be part of the proposal of endovascular treatment, particularly in a young patient. The factors listed above, along with the strategies outlined to minimize radiation exposure, must always be present in the planning of using the EVAR procedure to limit the risks for the patient and surgical team.
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    ABSTRACT

    OBJECTIVE: To compare the results of aortic valve replacement with access by sternotomy or minimally invasive approach..

    METHODS: Retrospective analysis of medical records of 37 patients undergoing aortic valve replacement by sternotomy or minimally invasive approach, with emphasis on the comparison of time of cardiopulmonary bypass and aortic clamping, volume of surgical bleeding, time of mechanical ventilation, need for blood transfusion, incidence of atrial fibrillation, length of stay in intensive care unit, time of hospital discharge, short-term mortality and presence of surgical wound infection..

    RESULTS: Sternotomy was used in 22 patients and minimally invasive surgery in 15 patients. The minimally invasive approach had significantly higher time values of cardiopulmonary bypass (114.3±23.9 versus 86.7±19.8min.; P=0.003), aortic clamping (87.4±19.2 versus 61.4±12.9 min.; P<0.001) and mechanical ventilation (287.3±138.9 versus 153.9±118.6 min.; P=0.003). No difference was found in outcomes surgical bleeding volume, need for blood transfusion, incidence of atrial fibrillation, length of stay in intensive care unit and time of hospital discharge. No cases of short-term mortality or surgical wound infection were documented..

    CONCLUSION: The less invasive approach presented with longer times of cardiopulmonary bypass, aortic clamping and mechanical ventilation than sternotomy, however without prejudice to the length of stay in intensive care unit, time of hospital discharge and morbidity.

    Keywords: Aortic Valve/Surgery. Aortic Valve Stenosis. Cardiovascular Surgical Procedures. Sternotomy. Cardiopulmonary Bypass. Heart Valve Prosthesis Implantation.

  

   

   

  INTRODUCTION

  In Brazil, valve diseases represent a significant number of hospital admissions for cardiovascular diseases, and rheumatic fever is the main cause, responsible for 70% of the cases[1].

  Aortic stenosis (AS) is the aortic valve disease most commonly found and is present in 4.5% of the population over 75 years. The main causes of AS are congenital stenosis, aortic valve calcification, bicuspid or tricuspid stenosis and degenerative rheumatic fever. Rheumatic fever is often associated with mitral valve disease and, despite the reduction in its incidence in developed countries, it is still very common in Brazil and other Latin American countries, particularly in younger patients[1].

  Surgical treatment of the aortic valve is still the only definitive and effective treatment for the relief of left ventricular hypertrophy in patients with severe AS. However, due to surgical risks and early and late complications of prosthetic heart valves, the ideal time for surgery is often considered controversial[2].

  Aortic regurgitation (AR) can be present in aorta dilatation, congenital abnormalities (bicuspid valve), valve calcification, rheumatic disease, infectious endocarditis, hypertension, myxoid degeneration, ascending aortic dissection and Marfan syndrome. Other less common causes include traumatic injuries, ankylosing spondylitis, syphilitic aortitis, rheumatoid arthritis, osteogenesis imperfecta, Ehlers-Danlos syndrome, Reiter's syndrome, subaortic stenosis and ventricular septal defect with aortic cusp prolapse[3,4].

  Surgical treatment of aortic AR is the choice procedure in symptomatic patients or even in patients with severe ventricular dysfunction, once surgical treatment can lead to an increase in ejection fraction and survival of most patients without progression of the heart failure[1,5].

  The surgical indications for aortic valve replacement (AVR)are based on evidence levels, and the surgical conventional procedure to AVR is full median sternotomy[6]. Advantages of this method are the complete exposure of the heart and the ascending aorta, with reduction of surgical time, and mortality of this procedure is around 2 to 5%[3]. Clinical outcomes have improved dramatically over the past decades, despite the increased age of patients undergoing this surgery and increased preoperative risks. Recent data from the Society of Thoracic Surgeons database have shown mortality rates of 2.6% and an incidence of stroke of 1.4% in the postoperative period[3,7].

  Despite numerous advances, several minimally invasive techniques have been developed as alternatives to sternotomy, in order to decrease surgical injury and maintain the same quality and safety of the traditional procedure[3]. According to the American Heart Association, the term "minimally invasive" refers to a small incision in the chest that does not include full sternotomy[3]. Since the first aortic valve replacement through minimally invasive technique, the upper hemisternotomy and right anterior thoracotomy became the predominant accesses for AVR[4].

  In 1996, the initial research of heart valve replacement in canine models demonstrated success in mitral valve replacement through an incision of 2 to 5 cm with cardiopulmonary bypass (CPB). This technique was quickly used in humans in 1997 to replace or repair aortic and mitral valves. Since then, minimally invasive procedures have been practiced with frequency in multiple American institutions[5].

  Although the sternotomy approach is still considered the traditional procedure for aortic valve replacement, in the past 15 years the minimally invasive approach has gained support due to its favorable outcomes[3]. However, further studies evaluating the potential benefits of the minimally invasive approach for AVR are still necessary.

   

  METHODS

  Retrospective analysis of medical records of patients who underwent aortic valve replacement in hospitals of the city of Jundiaí, Brazil, from March 2011 to November 2014. Only adult patients undergoing aortic valve replacement as a single procedure were included. The same team of surgeons performed the procedures.

  In the preoperative planning for the minimally invasive surgery (MIS) approach, a chest computed tomography scan was used to assess the anatomy of the intercostal spaces, ascending aorta and aortic valve. Patients eligible for this technique should have: 1- at the level of the main pulmonary artery, at least half of the size of the ascending aorta should be of the right side of the spine, and 2- the distance of the ascending aorta to the sternum should not exceed 10 cm.

  Patients with multiple comorbidities and those previously submitted to heart surgery were allocated in the sternotomy group, once according to literature, the minimally invasive approach could increase surgical risks[6].

  MIS was performed under general anesthesia with conventional endotracheal intubation. A horizontal incision of 3-8 cm in the second right intercostal space was performed, followed by muscle dissection, intercostal incision and placement of a small Finochietto retractor. The pericardium was identified, sectioned and pulled by anchor sutures for better exposure of the aorta. Arterial cannulation was performed by direct puncture of the aorta or by dissection and cannulation of the femoral artery. Venous cannulation was performed by direct puncture of the right atrium, with the cannula directed towards the inferior vena cava, or by the femoral access. In the case of cannulation of the aorta, femoral vein cannulation was performed by percutaneous puncture or dissection guided by fluoroscopy. CPB was initiated, and although the smaller access for the MIS approach is technically more difficult, the aortic valve treatment is similar as that performed by sternotomy. At the end of the procedure, after the removal of the cannulas, drainage of the right hemithorax was performed.

  The parameters evaluated were:

  
    - Age, gender, body mass index (BMI), history of previous cardiac surgery, type of aortic disease;.

    - Time of CPB and aortic clamping;.

    - Bleeding volume in times intraoperative and after 12 and 24 hours;.

    - Need for blood transfusion; incidence of AF;.

    - Length of stay in the intensive care unit (ICU) and length of hospital stay ;.

    - Short-term mortality and surgical wound infection indexes.

  

  The software SigmaStat 3.0 (Jandel Scientific, USA) was used for statistical analysis. Student T-test was used to compare the ordinal data between groups sternotomy and MIS, and Chisquare test was used to analyze the nominal data. A P<0.05 value was considered significant.

  This study was approved by the Research and Ethics Committee of the Jundiaí Medical School (no. 945.473).

   

  RESULTS

  Out of 37 patients, 22 were approached by sternotomy and 15 by MIS. The appearance of the postoperative incision of the MIS approach is shown in Figure 1
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  The age of the sternotomy group was 58.5±16.6 years, and of the MIS group 58.1±17 years, with no statistical difference between groups (P=0.816).

  Regarding gender, the majority were males (n=26; 70%), of whom 17 underwent sternotomy and 9 the MIS group. Among female patients (n=11; 30%), 5 underwent sternotomy and 6 the MIS. The average BMI was 27.7±4.4 kg/m2 for sternotomy and 26.5±2.9 kg/m2 for the MIS group (P=0.430).

  Valve replacement was the first heart surgery for most patients (n=32; 86%). Five (14%) patients with previous surgery for valve replacement were allocated in the sternotomy group.

  Double aortic lesion was the most common valve dysfunction found (n=17; 46%), followed by AS (n=11; 30%) and AR (n=9, 24%) (Table 1). Among the 22 patients approached by sternotomy, 13 (59%) patients had double aortic lesion, and among the 15 patients who underwent MIS, 9 (60%) patients had AS.
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  The majority of patients received biological aortic prosthesis (n=28; 76%), and only 9 (24%) opted for mechanical prosthesis (2 of them in the MIS group and 7 in the sternotomy group).

  Among the 15 patients approached by MIS, in only one (7%) case conversion to sternotomy was necessary due to right ventricular bleeding.

  Times of CPB and Aortic Clamping

  The mean CPB time was significantly higher in the MIS approach (114.3±23.9 min.) than for the sternotomy group (86.7±19.8 min.; P=0.003). In addition, the mean aortic clamping time was higher for the MIS approach (87.4±19.2 min.) compared to the sternotomy group (61.4±12.9 min.; P<0.001) (Figure 2).
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  Bleeding Amount

  There was no significant difference in the bleeding volume in sternotomy and MIS groups in all time points (Figure 3).
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  The intraoperative bleeding average was 388.2±174.6 mL for the sternotomy group and 490.7±188.3 mL to the MIS approach (P=0.089). Postoperative bleeding in the first 12 hours was 363.3±321.9 mL for the sternotomy group and 310.7±238 mL for the MIS group (P=0.988), and in the first 24 hours was 532.2±404 mL for the sternotomy approach and 539.3±381.5 mL to the MIS approach (P=0.793).

  Time of Mechanical Ventilation

  The mean duration of mechanical ventilation was significantly lower in the sternotomy group (153.9±118.6 min.) compared to the MIS group (287.3±138.9 min.; P=0.003) (Figure 4).
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  Need for Blood Transfusion

  Six (27%) patients of the sternotomy approach group and 2 (13%) of the MIS approach required transfusion, with no statistical difference between both groups (P=0.49).

  Incidence of AF

  Six (27%) patients of the sternotomy approach and seven (47%) of MIS approach had AF in the postoperative period, with no statistical difference between the groups (P=0.92).

  Length of Stay in the ICU and Length of Hospital Stay

  The average length of stay in the ICU was 3.9±2.5 days for the sternotomy approach and 3.4±1.2 days for the MIS approach, with no statisticaldifference (P=0.975).

  The average length of hospital stay was 11±9.0 days for the sternotomy group and 7.1±2.0 days for MIS group, with no statistical difference (P=0.454).

  Short-term Mortality and Surgical Wound Infection

  Until hospital discharge, no cases of death or wound infection were documented for both approaches.

   

  DISCUSSION

  Aortic valve disease is common in clinical practice and surgical treatment is still the choice procedure for symptomatic patients or patients with important ventricular dysfunction[1]. Median sternotomy is the classic approach for the surgical treatment of aortic valve diseases, but with the technology advancement the MIS approach has been a less invasive alternative to sternotomy[3]. In this sense, further studies are needed to compare the possible favorable outcomes of each procedure in AVR surgery.

  The selection of patients that may undergo surgery by sternotomy or the MIS approach depends on a complete preoperative planning, which considers patient comorbidities, the anatomy of the great vessels and the experience of the surgical team[4,8]. The most common contraindication is the association with other cardiac procedure such as myocardial revascularization. In addition, patients with highly calcified aortic dilatation of the aortic arch, decreased ventricular function, morbidly obese patients, patients with chronic obstructive pulmonary disease, adhesions or pleural thickening in the right hemithorax and previous heart surgery should be considered as relative contraindications[3].

  In patients with multiple comorbidities, the MIS approach can increase the surgical risk due to prolonged CPB and aortic clamping compared to the traditional approach[8]. Isolated comorbidities as cerebrovascular disease, chronic obstructive pulmonary disease, previous radiation therapy in the chest or deformity of the chest wall can also be factors of difficulty to the minithoracotomy approach[6].

  Preoperative planning to MIS approach includes a chest tomography to evaluate the anatomical relationship between the intercostal spaces, ascending aorta and aortic valve[3,6,9,10].

  Adaptation to a new surgical technique, especially with a smaller incision, is undoubtedly accompanied by a surgeon's learning curve. In a study performed at a single center assessing 900 patients undergoing AVR using minimally invasive technique, a decrease of 12% in the CPB time and aortic clamping was observed with the increase of surgeons' experience[5]. According to Plass et al.[11], since the implementation of the MIS program in the service, it was possible to associate the surgical team learning curve with a lower incidence of complications, duration of CPB and aortic clamping.

  Our study followed 37 patients undergoing AVR, 22 undergoing sternotomy approach and 15 to MIS approach (mini-thoracothomy). Our results indicate that both CPB time and aortic clamping time were longer for the MIS approach than for sternotomy, a finding consistent with most of the literature studies[4,,9-15], except in the study by Paredes et al.[16] that used ministernotomy as a minimally invasive approach, Hiraoka et al.[17] that used right mini-thoracotomy, and Bakir et al.[18] that used the inverted J ministernotomy. In other three studies, no significant differences between the two procedures (sternotomy and MIS approach) were found[19-21].

  The bleeding rate was evaluated in 6 studies, and four of them reported less bleeding volume in the MIS approach[3,10,18,19]. In Hiraoka et al.[22] and Johnston et al.[5] studies there was a trend to reduced need for transfusion in the MIS approach, while for Lim et al.[12] there was no statistically significant difference between the two approaches regarding this parameter.

  In the present study, however, a trend for major bleeding was found in the MIS approach, although without statistically significant difference in comparison to sternotomy. It shall be noted that the smaller incision used in minithoracotomy limits the complete exposure of the surgical field, thus increasing the technical difficulty of the procedure, which may have influenced the increased bleeding volume. However, according to the literature, the refinement of the technique according to the surgical team learning curve can contribute to reduce bleeding when MIS is used[5,11].

  Regarding the time need for mechanical ventilation in the postoperative period, the MIS approach had shorter duration in all studies evaluating this topic[3,5,10,19,22-24], and in three studies there was no statistical difference between the mechanical ventilation in MIS or sternotomy approaches[5,17,23]. In our study, the duration of mechanical ventilation was longer in MIS approach than in sternotomy, which contrasts with the literature findings. In this sense, it is possible that because it is an innovative approach in our service, there was some precaution by the ICU team regarding the ventilatory support of patients undergoing MIS.

  Moreover, although it was observed a significant difference (P=0.003) for mechanical ventilation in the MIS group (287.3±138.9 min. vs. 153.9±118.6 min. for sternotomy), this difference was just longer than 2 hours for MIS and did not influence the time for discharge from ICU and hospital length of stay.

  The presence of AF has been evaluated in six trials, and the incidence was similar in three of them[10,21,23], while in other three studies there is a decreased incidence of AF for the MIS approach[3,12,24]. In our study, there was a higher AF trend in the postoperative period for the MIS approach, but without statistical significance between groups.

  Among 14 studies comparing the length of stay in the ICU and length of hospital stay, 10 of them concluded that the MIS approach decreased the length of hospital stay[3,5,6,11,12,14,16,18,22], and among these 7 studies also showed shorter length of stay in the ICU[10,14,16-18,23,24]. Four studies did not show significant differences for these parameters between MIS and sternotomy[4,9,10,20]. In accordance with the literature, in our study we also found a tendency for shorter time of stay in the ICU and hospital stay for the MIS approach, although not statistically significant, possibly due to the number of patients evaluated.

  Hospital mortality was assessed in 12 studies, and in 10 of them there were no differences between the two approaches[9,10,12,18,20,2123,25,26]. In two related studies, there was a reduction in mortality in the MIS approach[4,16]. In this study, we reported no deaths during the hospital stay.

  The wound infection is another topic of great importance evaluated by the literature, in view of its serious consequences, including death by mediastinitis that can occur in cases of infection of the sternotomy incision. According to the studies evaluated, most of them did not show significant differences between the two approaches[3,8,16], and in only one of them there was a lower rate of infection in the MIS approach[21]. In this study, there were no cases of wound infection in any of the approaches.

  The main limitations of this study are that it is a retrospective study evaluating a small number of patients. In addition, the number of patients undergoing the MIS approach was limited because it was the initial experience with this surgical approach.

   

  CONCLUSION

   In conclusion, in this study comparing patients undergoing AVR by sternotomy or MIS, the mean time of CPB, aortic clamping and mechanical ventilation were significantly higher in the MIS approach. There was no statistical difference between the two procedures for bleeding in the intraoperative period and after 12 and 24 hours, need for blood transfusion, AF, length of stay in ICU and hospital stay.

   

  REFERENCES

  1. Tarasoutchi F, Montera MW, Grinberg M, Barbosa MR, Piñeiro DJ, Sánchez CRM, et al. Diretriz Brasileira de Valvopatias - SBC 2011 / I Diretriz Interamericana de Valvopatias - SIAC 2011. Arq Bras Cardiol. 2011;97(5 supl. 1):1-67.

  2. Bojar RM. Aortic stenosis. In: Bojar RM, ed. Manual of perioperative care in adult cardiac surgery. 5a ed. Oxford: Wiley-Blackwell; 2011. p.18-30.

  3. Glauber M, Miceli A, Gilmanov D, Ferrarini M, Bevilacqua S, Farneti PA, et al. Right anterior minithoracotomy versus conventional aortic valve replacement: a propensity score matched study. J Thorac Cardiovasc Surg. 2013;145(5):1222-6.

  4. Merk DR, Lehmann S, Holzhey DM, Dohmen P, Candolfi P, Misfeld M, et al. Minimal invasive aortic valve replacement surgery is associated with improved survival: a propensity-matched comparison. Eur J Cardiothorac Surg. 2015; 47(1):11-7.

  5. Johnston WF, Ailawadi G. Surgical management of minimally invasive aortic valve operations. Semin Cardiothorac Vasc Anesth. 2012;16(1):41-51.

  6. Malaisrie SC, Barnhart GR, Farivar RS, Mehall J, Hummel B, Rodriguez E, et al. Current era minimally invasive aortic valve replacement: techniques and practice. J Thorac Cardiovasc Surg. 2014;147(1):6-14.

  7. Brown JM, O’Brien SM, Wu C, Sikora JA, Griffith BP, Gammie JS. Isolated aortic valve replacement in North America comprising 108,687 patients in 10 years: change in risks, valve types, and outcomes in the Society of Thoracic Surgeons National Database. J Thorac Cardiovasc Surg. 2009;137(1):82-90.

  8. Alassar Y, Yildirim Y, Pecha S, Detter C, Deuse T, Reichenspurner H. Minimal access median sternotomy for aortic valve replacement in elderly patients. J Cardiothorac Surg. 2013;8:103.

  9. Sansone F, Punta G, Parisi F, Dato GM, Zingarelli E, Flocco R, et al. Right minithoracotomy versus full sternotomy for the aortic valve replacement: preliminary results. Heart Lung Circ. 2012;21(3):169-73.

  10. Gilmanov D, Bevilacqua S, Murzi M, Cerillo AG, Gasbarri T, Kallushi E, et al. Minimally invasive and conventional aortic valve replacement: a propensity score analysis. Ann Thorac Surg. 2013;96(3):837-43.

  11. Plass A, Scheffel H, Alkadhi H, Kaufmann P, Genoni M, Falk V, et al. Aortic valve replacement through a minimally invasive approach: preoperative planning, surgical technique, and outcome. Ann Thorac Surg. 2009;88(6):1851-6.

  12. Lim JY, Deo SV, Altarabsheh SE, Jung SH, Erwin PJ, Markowitz AH, et al. Conventional versus minimally invasive aortic valve replacement: pooled analysis of propensity-matched data. J Card Surg. 2015;30(2):125-34.

  13. Costa F, Winter G, Ferreira ADA, Fernandes TA, Collatusso C, Tremel F, et al. Experiência inicial com operações cardíacas minimamente invasivas. Rev Bras Cir Cardiovasc. 2012;27(3):383-91.

  14. Fortunato Júnior JA, Fernandes AG, Sesca JR, Paludo R, Paz ME, Paludo L, et al. Minimally invasive aortic valve replacement: an alternative to the conventional technique. Rev Bras Cir Cardiovasc. 2012;27(4):570-82.

  15. Pope NH, Ailawadi G. Minimally invasive valve surgery. J Cardiovasc Trans Res. 2014;7(4):387-94.

  16. Paredes FA, Cánovas SJ, Gil O, García-Fuster R, Hornero F, Vázquez A, et al. Minimally invasive aortic valve surgery. A safe and useful technique beyond the cosmetic benefits. Rev Esp Cardiol (Engl Ed). 2013;66(9):695-9.

  17. Hiraoka A, Totsugawa T, Kuinose M, Nakajima K, Chikazawa G, Tamura K, et al. Propensity score-matched analysis of minimally invasive aortic valve replacement. Circ J. 2014;78(12):2876-81.

  18. Bakir I, Casselman FP, Wellens F, Jeanmart H, De Geest R, Degrieck I, et al. Minimally invasive versus standard approach aortic valve replacement: a study in 506 patients. Ann Thorac Surg. 2006;81(5):1599-604.

  19. Bonacchi M, Prifti E, Giunti G, Frati G, Sani G. Does ministernotomy improve postoperative outcome in aortic valve operation? A prospective randomized study. Ann Thorac Surg. 2002;73(2):460-5.

  20. Tyszka AL, Watanabe R, Cabral MMC, Cason AM, Hayashi EK, Nogueira GA, et al. Acesso minimamente invasivo para troca da valva aórtica: resultados operatórios imediatos comparativos com a técnica tradicional. Rev Bras Cir Cardiovasc. 2004;19(1):34-41.

  21. Mariscalco G, Musumeci F. The minithoracotomy approach: a safe and effective alternative for heart valve surgery. Ann Thorac Surg. 2014; 97(1):356-64.

  22. Hiraoka A, Kuinose M, Chikazawa G, Totsugawa T, Katayama K, Yoshitaka H. Minimally invasive aortic valve replacement surgery: comparison of port-access and conventional standard approach. Circulation. 2011;75(7):1656-60.

  23. Miceli A, Murzi M, Gilmanov D, Fugà R, Ferrarini M, Solinas M, et al. Minimally invasive aortic valve replacement using right minithoracotomy is associated with better outcomes than ministernotomy. J Thorac Cardiovasc Surg. 2014;148(1):133-7.

  24. Mihos CG, Santana O, Lamas GA, Lamelas J. Incidence of postoperative atrial fibrillation in patients undergoing minimally invasive versus median sternotomy valve surgery. J Thorac Cardiovasc Surg. 2013;146(6):1436-41.

  25. Furukawa N, Kuss O, Aboud A, Schönbrodt M, Renner A, Hakim Meibodi K, et al. Ministernotomy versus conventional sternotomy for aortic valve replacement: matched propensity score analysis of 808 patients. Eur J Cardiothorac Surg. 2014; 46(2):221-6.

  26. Phan K, Xie A, Di Eusanio M, Yan T. A meta-analysis of minimally invasive versus conventional sternotomy for aortic valve replacement. Ann Thorac Surg. 2014;98(4):1499-511.

   

   

  Correspondence Address:

  Renata Tosoni Rodrigues Ferreira

    Rua das Pitangueiras, 651 - Vila Vianelo

    Jundiaí, SP, Brazil Zip code: 13206-716

    E-mail: retrf@hotmail.com

  Article received on July 27th, 2016

    Article accepted on October 17th, 2016.

   

   

  This study was carried out at the Faculdade de Medicina de Jundiaí (FMJ), Jundiaí, SP, Brazil, Pitangueiras Hospital, Jundiaí, SP, Brazil and Hospital Paulo Sacramento, Jundiaí, SP, Brazil.

  No financial support.

  No conflict of interest.

   

   

  
    [image: Abbreviations]

  

  
    [image: Authors' roles]

  





  DOI: 10.5935/1678-9741.20160086

  ORIGINAL ARTICLE

  
    Lucas ML, Carraro CC, Belló-Klein A, Kalil AN, Aerts N. Oxidative Stress in Human Aorta of Patients with Advanced Aortoiliac Occlusive Disease. Braz J Cardiovasc Surg 2016;31(6):428-33.

  

  
    Oxidative Stress in Human Aorta of Patients with Advanced Aortoiliac Occlusive Disease.

  

   

   

  Márcio Luís LucasI; Cristina Campos CarraroII; Adriane Belló-KleinII; Antonio Nocchi KalilIII; Newton AertsIII

  IMD. Santa Casa de Porto Alegre, Porto Alegre, RS, Brazil

    IIMD, PhD. Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil

    IIIMD, PhD. Universidade Federal de Ciências da Saúde (UFCSPA), Porto Alegre, RS, Brazil.

   

  
    ABSTRACT

    INTRODUCTION: Oxidative stress seems to be a role in the atherosclerosis process, but research in human beings is scarce..

    OBJECTIVE: To evaluate the role of oxidative stress on human aortas of patients submitted to surgical treatment for advanced aortoiliac occlusive disease..

    METHODS: Twenty-six patients were divided into three groups: control group (n=10) formed by cadaveric organ donors; severe aortoiliac stenosis group (patients with severe aortoiliac stenosis; n=9); and total aortoiliac occlusion group (patients with chronic total aortoiliac occlusion; n=7). We evaluated the reactive oxygen species concentration, nicotinamide adenine dinucleotide phosphate-oxidase, superoxide dismutase and catalase activities as well as nitrite levels in samples of aortas harvested during aortofemoral bypass for treatment of advanced aortoiliac occlusive disease..

    RESULTS: We observed a higher level of reactive oxygen species in total aortoiliac occlusion group (48.3±9.56 pmol/mg protein) when compared to severe aortoiliac stenosis (33.5±7.4 pmol/mg protein) and control (4.91±0.8 pmol/mg protein) groups (P<0.05). Nicotinamide adenine dinucleotide phosphate oxidase activity was also higher in total aortoiliac occlusion group when compared to the control group (3.81±1.7 versus 1.05±0.31 µmol/min.mg protein; P<0.05). Furthermore, superoxide dismutase and catalase activities were significantly higher in the severe aortoiliac stenosis and total aortoiliac occlusion groups when compared to the control cases (P<0.05). Nitrite concentration was smaller in the severe aortoiliac stenosis group in comparing to the other groups..

    CONCLUSION: Our results indicated an increase of reactive oxygen species levels and nicotinamide adenine dinucleotide phosphate-oxidase activity in human aortic samples of patients with advanced aortoiliac occlusive disease. The increase of antioxidant enzymes activities may be due to a compensative phenomenon to reactive oxygen species production mediated by nicotinamide adenine dinucleotide phosphate oxidase. This preliminary study offers us a more comprehensive knowledge about the role of oxidative stress in advanced aortoiliac occlusive disease in human beings.

    Keywords: Oxidative Stress. Arterial Occlusive Diseases. Reactive Oxygen Species.

  

   

   

  INTRODUCTION

  Aortoiliac occlusive disease (AOD) provoked by atherosclerosis is an important cause of morbidity and mortality worldwide, which begins at the aortic terminus and common iliac artery origins and slowly progresses proximally and distally over time, resulting in a severe aortoiliac stenosis (SAS) or in a total aortoiliac occlusion (TAO)[1]. Although advances in the endovascular techniques, aortobifemoral bypass is still the gold standard treatment for patients with SAS and TAO[1,2].

  The cellular and molecular basis for atherosclerosis is complex and is not completely understood[3]. It is widely accepted that oxidative stress plays important role in the pathogenesis of atherosclerosis[4]. Oxidative stress is caused by an imbalance between the production of reactive oxygen species (ROS) and the antioxidant capacity of the biological system[5]. ROS such as superoxide anion (O2-), hydroxyl radical (OH-), and hydrogen peroxide (H2O2), are produced through different pathways, but the major source of ROS in the vasculature is nicotinamide-adenine-dinucleotide-phosphate (NADPH) oxidase[5,6]. Superoxide dismutase (SOD) is the major cellular defense system to remove O2- in vascular cells by converting O2- into H2O2, while catalase (CAT) converts two molecules of H2O2 into water and oxygen[7]. Nitric oxide (NO) – synthetized by nitric oxide synthase (NOS) – is a multifactorial free radical that plays a key role in the physiological regulation of the cardiovascular system, and changes in its production and/or bioavailability follow or even precede diseases such as atherosclerosis[8]. Superoxide anion may react with NO to form peroxynitrite (ONOO-), resulting in an increased cellular damage[7]. Moreover, inactivation of NO by O2- limits the NO bioavailability leading to increased vasoconstriction, as commonly observed in the progression of atherosclerosis[7].

  Some experimental studies have investigated the role of oxidative stress in the atherosclerosis process[4,9,10], but research in human beings are rare[11]. In this study, we evaluated the role of oxidative stress in patients's aortas whith SAS and TAO submitted to aortobifemoral bypass. Thus, we proposed to compare the oxidative damage in different degrees of AOD in human beings.

   

  METHODS

  The project was approved by the Research Ethics Committee of Santa Casa de Porto Alegre and all patients signed free and informed consent forms. We reviewed medical records for patients with SAS and TAO electively submitted to aortobifemoral bypass by the first author as previously described[2].

  All the patients were submitted to surgical procedure due to a limiting claudication or critical limb ischemia (rest pain and/or non-healing wound). Patients with acute aortoiliac occlusion, abdominal aortic aneurysm (AAA) thrombosis, and submitted to previous aortoiliac intervention (endovascular or open repair) were excluded. Data were collected on age, gender, comorbidities and clinical presentation for patients with SAS or TAO. Laboratory profiles and surgical data were also routinely collected. All the patients were submitted to computed tomography angiography to plan the surgical procedures.

  Human specimens of infrarenal abdominal aorta were removed in the operating room during the proximal anastomosis of aortobifemoral bypasses. After removing the calcifications, the aortic samples were immediately stored at –70°C for further analysis of oxidative stress parameters. They were macerate in liquid nitrogen. After that, it was homogenized (KCl 150 mmol/L; phenyl-methyl-fluoro-sulfonyl 20 mmol/L, 1:100) in the Ultra-Turrax homogenizer. Posteriorly, it was performed a sonification with the Hielscher Ultrasound Technology device[12].

  ROS concentration was measured by DCFH-DA fluorescence emission (Sigma-Aldrich, USA). Dichlorofluorescein diacetate is membrane permeable and is rapidly oxidized to the highly fluorescent 2,7-dichlorofluorescein (DCF) in the presence of intracellular ROS. The samples were excited at 488 nm and emission was collected with a 525 nm long pass filter. It was expressed as nmols per milligram of protein[13].

  Measurement of NADPH oxidase activity was assayed with spectrophotometric method[14]. SOD activity, expressed as U/mg protein, was based on the inhibition of superoxide radical reaction with pyrogallol[15]. CAT activity was determined by following the decrease in 240 nm absorption of hydrogen peroxide (H2O2). It was expressed as nmoles/mg protein[16]. NO in aortic samples was examined by measuring the level of nitrite, an oxidative metabolite of endogenous NO, by using the Griess reagent, in which a chromophore with a strong absorbance at 542 nm is formed by reaction of nitrite with a mixture of naphthyletilenediamine (0.1%) and sulphanilamide (1%). The absorbance was measured in a spectrophotometer to give the nitrite concentration[17]. Protein was measured by the method of Lowry et al.[18], using bovine serum albumin as standard.

  Statistical Analysis

  All data are expressed as the mean ± standard deviation. Comparisons between two groups were performed by Fisher's exact test and statistical analysis for three groups included the ANOVA method followed by t test. A statistical significance was assumed to be α=5%.

   

  RESULTS

  Twenty-six patients were divided into three groups: control group (n=10) formed by cadaveric organ donors (aged 22 to 51 years old); SAS group (n=9) formed by patients with SAS; and TAO group (n=7) formed by patients with chronic total aortoiliac occlusion. The clinical and surgical data are summarized in Table 1. In each group, there were 4 women. The mean age, body mass index (BMI), and left ventricular ejection fraction (LVEF) were similar between the SAS and TAO groups. In relation to surgical data, there was no perioperative death in both groups. The duration of the procedures, blood loss, and intensive care unit (ICU) stay as well as postoperative hospital stay were also similar between the SAS and TAO groups (Table 1).
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  The aortic ROS levels were significantly higher in the SAS and TAO groups when compared to the control group (P<0.05). Patients with TAO demonstrated higher levels of ROS (48.3±10.22 pmol/mg protein) when compared to the SAS group (33.02±4.54 pmol/mg protein; P<0.05) (Figure 1).
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  Measurement of NADPH oxidase activity demonstrated that TAO group had an increment when compared to control group (Figure 2). Moreover, there was no difference in the NADPH oxidase activity between SAS and others groups (P>0.05).
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  It was observed an increase of SOD activity in the SAS and TAO groups when compared to the control group (P<0.05) (Figure 3). However, there was no statistical difference between SAS and TAO groups. There was a significant increase of CAT activity in the SAS and TAO groups when compared to the control group. Furthermore, CAT activity in aortas from patients with SAS (60.2±9.5 pmol/mg protein) was statistically higher in comparing to the TAO group (44.74±7 pmol/mg protein; P<0.05) (Figure 4).
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  Nitrite levels were significantly lower in the aortic samples of patients with SAS when compared to the other groups (P<0.05). Furthermore, there was no difference in the nitrite levels between TAO and the control group (P>0.05) (Figure 5).
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  DISCUSSION

  Advanced AOD tends to occur in relatively young patients who have a history of tobacco abuse. Basically, patients with SAS and TAO are treated by the aortobifemoral bypass and the surgical results in these patients seems to be similar[2,19].

  The major finding of our study was to demonstrate the role of oxidative stress in the atherosclerosis in patients with different degrees of AOD. Our results demonstrated that ROS levels were progressively higher as more severe as the AOD was. This way, patients with SAS or TAO had a higher ROS levels on their aorta samples; and the TAO group demonstrated a more elevated of ROS levels than SAS group. The role of ROS in the onset and progression of atherosclerotic damage in aortas has been described in animal models of different illnesses, being the ROS important mediators in the signaling pathways of inflammation and atherogenesis[4,5]. In atherosclerosis, ROS production can increment endothelial dysfunction, vascular smooth muscle cells proliferation and apoptosis, and inflammatory response[20]. Another markers of oxidative stress, such as levels of O2-, thiobarbituric acid and conjugated dienes were also evaluated in aortic samples of patients with atherosclerosis[21].

  Xiong et al.[22] demonstrated that the earliest changes in an experimental model of AAA were associated with the local production of ROS. In the study of Miller et al.[21], it was measured levels of O2-and lipid peroxidation products in segments of AAA and in adjacent nonaneurysmal aortic tissue removed from patients undergoing elective AAA repair. The results indicated that levels of ROS are locally increased in AAA, partially because of NADPH oxidase activity, and lead to marked increases in oxidative stress. There are evidences that NADPH oxidase expression and activity are upregulated in atherosclerosis[23]. Analysis of non-atherosclerotic versus atherosclerotic human carotid arteries demonstrated a higher level of NADPH oxidase expression in atherosclerotic arteries[23]. We also observed an increase of NADPH oxidase activity in patients with TAO when compared to the control group. Haidari et al.[3] observed an increase of oxidative stress in atherosclerosis-predisposed regions of the normal C57BL/6 mouse aorta, implicating NADPH oxidase as a possible contributing enzyme.

  The imbalance between oxidants and antioxidants in favor of the former ones plays a significant role in the pathogenesis of atherosclerotic vascular disease[6]. Thus, knowledge of the activity of antioxidants enzymes is very important. Under normal conditions, SOD is the first line of defense against oxidative stress[5]. Dubick et al.[24] demonstrated a lower activity of SOD in human aortic samples of patients with AAA and AOD in comparing to non-atherosclerotic organ donors. In another work, the same group of authors also compared the SOD activity between aortic specimens of patients with aneurysmal and occlusive disease. These authors evidenced a reduced SOD activity in occlusive (n=14) compared to aneurysmal (n=29) group[25]. In contrast, our study showed a significant increase of SOD activity in the SAS and TAO samples when compared to the control group, maybe because a compensative phenomenon to minimize oxidative stress. Furthermore, the role of oxidative stress in different aortopathies was evaluated by Soto et al.[5]. In this study, there was an increase in SOD activity in aorta specimens of patients with hypertension, Marfan and Turner's syndromes[5].

  Catalase is another important antioxidant enzyme, which is found in the liver, kidney, and aorta. Catalase uses two H2O2 molecules to break them into O2-; one acts as a reducing agent and the other as an oxidant agent. Overexpression of CAT prevents the stimulation of ROS and can prevent AAA formation in experimental setting[26]. Moreover, a diminished CAT expression and activity were observed in polymorphonuclear neutrophils in patients with AAA[27]. Soto et al.[5] also showed that CAT activity increased in the patients with different aortopathies. Our results corroborate these findings that the increase of CAT activity in SAS and TAO groups may be due to overproduction of H2O2 in the aorta from these patients.

  NO is usually quoted for its vasodilating properties and protective role in many vascular diseases and previous reports have indicated that decreased activity and production of NO play an important role in vascular disease[11]. Endothelial dysfunction and downregulated NO would contribute to the stiffness, reduced distensibility, and aortic complications such as AOD[5]. Our results showed a decrease of nitrite levels in SAS group may be due to endothelium dysfunction. Moreover, we did not observe an increase in nitrite levels in patients with TAO and this can be explained at least in part because of the higher levels of ROS which could increase the nitrite levels by inducible NOS activation, an enzyme which produces high quantities of NO, resulting in more oxidative stress[11,21]. Taking together, the higher levels of ROS and nitrite could facilitate intravascular thrombus formation by reducing the antiplatelets effects of NO[28]. Then, this aortic thrombus can provoke an inflammatory response in the aortic wall and can also limit the oxygen supply to endothelium resulting in increasing of NO production[29]. Liao et al.[11] founded an overexpression of NOS which was positively correlated with the degree of inflammation in the aortic wall in patients with AAA.

  The major limitation of this study is the small size of patients and aortic samples, preventing some correlation with clinical and angiographic findings. However, previous studies performed with human aortic samples have also been described with small number of samples and have obtained aortas from autopsy or organ donor patients as control group[5,11,21,24,25]. To our knowledge, this is the first study in which human aortic segments of patients with different degrees of AOD were directly compared.

   

  CONCLUSION

  Our study on human aortic samples showed that oxidative stress seems to be related with the degree of AOD and the increase of antioxidant enzymes (SOD and CAT) activities may be due to a compensative phenomenon. Moreover, nitrite overproduction occurred in patients with chronic total aortic occlusion (TAO group) while its reduction was observed in severe aortoiliac stenosis (SAS group). Although antioxidant therapies did not have a consistent effect in some clinical trials for prevention atherosclerosis complications[30], this preliminary study offer us a more comprehensive knowledge about the role of oxidative stress in atherosclerotic aortas in human beings.
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    ABSTRACT

    OBJECTIVE: To determine whether intraperitoneal silymarin administration has favorable effects on the heart, lungs, kidney, and liver and on oxidative stress in a rat model of supraceliac aorta ischemia/reperfusion injury..

    METHODS: Thirty male Wistar albino rats were divided equally into three groups: sham, control, and silymarin. The control and silymarin groups underwent supraceliac aortic occlusion for 45 min, followed by a 60 min period of reperfusion under terminal anesthesia. In the silymarin group, silymarin was administered intraperitoneally during ischemia at a dose of 200 mg/kg. Rats were euthanized using terminal anesthesia, and blood was collected from the inferior vena cava for total antioxidant capacity, total oxidative status, and oxidative stress index measurement. Lungs, heart, liver and kidney tissues were histologically examined..

    RESULTS: Ischemia/reperfusion injury significantly increased histopathological damage as well as the total oxidative status and oxidative stress index levels in the blood samples. The silymarin group incurred significantly lesser damage to the lungs, liver and kidneys than the control group, while no differences were observed in the myocardium. Furthermore, the silymarin group had significantly lower total oxidative status and oxidative stress index levels than the control group..

    CONCLUSION: Intraperitoneal administration of silymarin reduces oxidative stress and protects the liver, kidney, and lungs from acute supraceliac abdominal aorta ischemia/reperfusion injury in the rat model.

    Keywords: Aorta/surgery. Reperfusion Injury. Silymarin. Rats, Wistar.

  
  
  

  INTRODUCTION

  Acute supraceliac abdominal aorta ischemia may occur during treatment for abdominal aortic aneurysms, dissection repair of acute thromboembolism with aortic atherosclerosis, or trauma surgery. After reperfusion is performed, in such cases, reactive oxygen species are generated and there is excess production of pro-inflammatory molecules and a subsequent inflammatory response, which can lead to damage to internal organs, such as the lungs, liver, kidneys, intestines and heart, as well as death[1]. Multiple organ dysfunction occurring after abdominal aortic surgery is one of the major causes of mortality and morbidity, with 25% of the deaths that occur after elective abdominal aortic repair being related to multiple organ dysfunction[2]. Silymarin, which is a mixture of flavonoids and polyphenols, has been shown to exhibit a variety of pharmacological activities as well as antioxidant, anti-inflammatory, immunomodulatory, hepatoprotective, neuroprotective, renoprotective [against ischemia-reperfusion (I/R) injury], gastroprotective, antibacterial, antiviral, antithrombotic, and vasodilatory effects in many experimental and clinical studies[3,4]. It reduces oxidative damage by balancing the antioxidant status and regulating inflammatory mediators[3]. It has been reported that silymarin reduces I/R damage in the heart, lungs, kidneys and liver, but there are no studies on the preventive effects of silymarin in organs in the supraceliac aorta I/R model[3-5]. The aim of this study is to examine silymarin's protective effects on end organs (heart, lungs, liver and kidneys) in a rat model of acute supraceliac aorta I/R.
  

  METHODS

  Animals and Grouping

  This experimental study was approved by the local ethics committee for animal experiments (Dollvet Veterinary Vaccines Biological Substance Drug Production Industry and Trade Inc. Şanlıurfa, Turkey). The experiments were conducted on 30 three-month-old Wistar albino rats that ranged in weight from 200 g to 250 g. All the animals were kept under standard conditions and were treated according to the guidelines of the National Institutes of Health. The animals were kept in a 12h light/dark cycle (lights were turned on at 6 am). The animals were deprived of food and water for 12h before surgery. The experiments were conducted at the Dollvet Laboratory of Experimental Research.

  The rats were randomly divided into three experimental groups: sham (n=10), control (n=10) (I/R), and silymarin (n=10) (I/R-silymarin). They were anesthetized intraperitoneally with xylazine (10 mg/kg) and ketamine hydrochloride (50 mg/kg). The abdomens of the animals were shaved and then cleaned with a povidone-iodine solution, and an abdominal midline incision was made. In the sham group, only a laparotomy was carried out. In the control group, a cross clamp was placed on the supraceliac aorta and ischemia was applied for 45 min; this was followed by reperfusion for 60 min. In the silymarin group, the cross-clamp was placed on the supraceliac aorta for 45 min, and this was followed by reperfusion for 60 min. Silymarin was administered during ischemia at a dose of 200 mg/kg via the intraperitoneal route[6]. At the end of the study, blood samples were obtained from the inferior vena cava of the rats, and heart, lung, liver and kidney tissues were sampled and placed in formalin for pathological examination. The blood samples obtained were centrifuged, and plasma was separated and stored in the freezer at -80°C until biochemical analyses were performed. Silymarin tablets were obtained from the pharmacy (Sigma-Aldrich, St. Louis, MO, USA). A silymarin tablet of 85% purity was dissolved with 1% dimethyl sulfoxide before it was administered.

  Biochemical Tests

  Serum levels of total oxidative status (TOS) and total antioxidant capacity (TAC) were assessed using a new automated colorimetric measurement method developed by Erel[7], and calculated using the following formula: Oxidative stress index (OSI, arbitrary units) = TOS (nmol H2O2 equiv/mg protein)/TAC (nmol Trolox equiv/mg protein)[8].

  Histopathological Evaluation

  The hearts, lungs, kidneys, and livers of the animals were harvested and fixed in 10% formaldehyde solution. After the specimens were embedded in paraffin and 5 µm sections had been cut, they were stained with hematoxylin and eosin for light microscopic observation.

  The prepared sections were examined under a light microscope at a magnification of ×20 (Olympus BX51 TF; Olympus, Melville, NY, USA). The samples were then histologically graded according to the severity of the injury by using a predetermined scoring system[9-11]. The histological indicators of I/R injury in the kidney evaluation were tubular necrosis, interstitial edema, loss of brush border, and cast formation. If there were no changes, a score of 0 was assigned; if there were medium or mild changes, the score assigned was 1; and if there were severe changes, the score was 2. The histological indicators of I/R injury in the lung evaluation were alveolar congestion, intra-alveolar hemorrhage, and interstitial perivascular infiltration of neutrophils. A score of 0 was assigned when those characteristics were absent; 1 was assigned for mild focal involvement; 2, for moderate focal involvement; and 3, for severely marked lung involvement. In the histological examination of the heart, interstitial edema, inflammatory cell infiltration, and coagulation necrosis were considered as indicators of I/R injury. A score of 0 was assigned when no changes were observed; 1 was assigned for slight focal involvement; 2, for medium focal involvement; and 3, for severely marked involvement. In the histopathological examination of the liver, nuclear pyknosis, necrosis, neutrophil infiltration, and loss of intercellular borders were evaluated. A score of 0 was assigned for minimal or no evidence of injury; grade 1, for mild injury consisting of focal nuclear pyknosis; grade 2, for moderate to severe injury, with extensive nuclear pyknosis and loss of intercellular borders; and grade 3, for severe necrosis, with disintegration of hepatic cords and neutrophil infiltration. The histopathological evaluation was conducted by the same pathologist in a blinded manner.

  Statistical Analysis

  The data were analyzed using Statistical Package for the Social Sciences (SPSS for Windows 11.5, Chicago, IL, USA). Continuous variables were presented as mean ± standard deviation, and discrete variables were presented using their frequency or percentage distribution. The distribution of continuous variables was examined using a one-sample Kolmogorov-Smirnov test, and it was found that the data for all the groups were normally distributed. Therefore, non-parametric independent group comparisons were made. For multiple comparisons, a Kruskal-Wallis test was used, and for comparisons between groups, a Mann-Whitney test was used if any statistical significance was found. A two-sided P value of <0.05 was considered to indicate statistical significance.
  

  RESULTS

  All the animals were kept alive until the blood samples were taken. TAC activity was higher in blood samples from the silymarin group than in samples from the sham and control groups (P<0.001), but there was no statistically significant difference between the sham and the control groups (P>0.05) (Table 1, Figure 1). Furthermore, TOS activity and OSI of the control group were higher than in the sham and silymarin group (P<0.001 for all comparisons) (Table 1, Figures 2 and 3). The scores for tissue damage to the kidney, lungs, liver, and heart are presented in Table 1. The scores for kidney, lungs and liver were significantly higher in the control group than in the sham and silymarin groups (P<0.05). In the histopathological examination of the sham group, no changes were observed in the kidneys, lungs, liver (Figures 4A, 4D, and 4G) or heart. Histopathological examination of the control group revealed cast formation, brush border loss, and interstitial edema in the kidney; intra-alveolar hemorrhage, interstitial perivascular infiltration of neutrophils, and alveolar congestion in the lungs; and nuclear pyknosis, necrosis, neutrophil infiltration, and loss of intercellular borders in the liver (Figure 4B, 4E, and 4H). In the silymarin group, fewer histopathological changes were observed in the kidneys, lungs and livers than those in the control group (Figure 4C, 4F, and 4I). No significant difference was observed in the histopathological findings for the heart between all three groups under a light microscope.
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  DISCUSSION

  In this experimental study, we observed the protective effects of silymarin in end organs, such as the lungs, liver and kidneys, against aortic supraceliac I/R injury. TOS and OSI values as well as histopathological damage scores were higher in the control group than in the sham and silymarin groups.

  During open surgery of the abdominal aorta, the placement of a cross-clamp at the supraceliac level causes I/R damage to the bowel, kidneys, liver and lower limbs. I/R results in the transport of either bacteria or endotoxins across the intestinal mucosal barrier, leakage of reactive oxygen species and inflammatory cytokines into systemic circulation, kidney tubule damage, kidney failure, and acute damage to the lungs, liver and other internal organs[12]. It has been reported that various plant extracts have protective effects against I/R damage. Silymarin is one of them. Silymarin is derived from dry thistle seeds (Silybum marianum). Milk thistle is the oldest and best studied plant in the treatment of liver diseases, with the first records of its therapeutic effects being found in the Old Testament[3]. A standard silymarin dry extract is a bioflavonoid complex that consists of at least seven flavonolignans. The seven main components of silymarin are taxifolin, silychristin, silydianin, silybin A, silybin B, iso-silybin A, and iso-silybin B. Taxifolin is the only isomer in the silymarin extract that is not a flavonolignan and has strong antioxidant activity[3]. Silybin is the main component of this complex extract, accounting for 60–70% of the constituents; it is a potent inhibitor of nuclear factor kappa B (NF-kB) activation, and it is induced by a variety of anti-inflammatory agents[13]. It has been reported that the anti-inflammatory and anti-cancer effects of silymarin and other flavonolignans are related to their potency inhibition of NF-kB. This transcription factor is involved in the arrangement of several genes associated with immune function, inflammation stress response, cell differentiation, apoptosis and cell survival, which are required for cancer development and progression[14]. Silymarin superoxide ions act in a similar manner to hydroxyl radicals, hypochlorous acid, and singlet molecular oxygen collectors[15]. It increases the level of cellular glutathione and reduces tumor promoter activity[16]. In addition, silymarin inhibits lipid peroxidation and reduces free radicaldependent tissue damage[17]. It has also been shown that silymarin increases the activity of antioxidant enzymes, such as superoxide dismutase, glutathione peroxidase and catalase, in the pancreas of rats[18].

  Rao & Viswanath[19] found that oral silymarin use as phytomedicine has cardioprotective properties against I/R-induced myocardial infarction in rats, and the myocardial protective effects of silymarin have also been demonstrated in cardiac injury induced by anthracycline, cisplatin, doxorubicin, adriamycin, and sodium fluoride in rats[3]. In our study, the heart I/R injury associated with distant organ damage could not be observed under a light microscope; this is probably related to the short retention time of reperfusion. However, Altaei et al.[20] have shown that oral silymarin treatment before surgery protects the heart against reperfusion injury and inflammation through anti-inflammatory and antioxidant activity during CABG surgery in humans.

  Several studies have reported the protective effects of silymarin in the lungs in different situations and via different mechanisms. Jin et al.[21] showed that oral silymarin treatment was able to improve pulmonary vascular dysfunction following lung I/R injury via the HIF-1α-iNOS pathway. Sharma et al.[22] showed that silibinin significantly stimulates growth inhibition, moderate cell-cycle arrest and apoptotic death in both small-cell and non-small cell human lung carcinoma cells. The pulmonary protective effects of silymarin against I/R injury via intraperitoneal route have been shown in this study for the first time. The renoprotective effects of silymarin have also been discussed in several studies, including in nephrotoxic drugs in rats[23-25]. Oral silymarin use has also been studied in different kidney I/R models, and is reported to have favorable effects with different potential mechanisms, including primarily antioxidant mechanisms[26,27]. Likewise, in our study, the histopathological findings showed that intraperitoneal silymarin use has renoprotective effects against I/R injury.

  Several studies have shown that silymarin has protective effects against I/R injury to the liver, and that silymarin can also protect the liver against hepatotoxic drugs and liver cancer[28]. In a study by Ligeret et al.[29], it was reported that a preservation solution with silibinin has protective effects against cold preservation-warm reperfusion injury on experimental liver transplantation. Additionally, Wu et al.[30] showed that intravenous silymarin use protects liver against I/R injury. Our study has also provided histopathological evidence for the protection of the liver against I/R injury by intraperitoneal administration of silymarin. Thus, in this study, we observed the protective effects of silymarin in the lungs, kidneys and liver through histopathological evaluation. The significant oxidative stress in the control group when compared to the sham and silymarin groups also emphasizes the antioxidant properties of silymarin, which may serve as a protective mechanism in the rat acute supraceliac abdominal aorta I/R model.

  We believe that there are sufficient preclinical research findings about the molecular antioxidant, anti-inflammatory, and anti-cancer effects of silymarin, as well as its drug toxicity, bioavailability, pharmacokinetics, and novel drug delivery approaches[3]. Still, the clinical implications and appropriate pathophysiological mechanisms underlying its effects need to be elucidated in large-scale clinical studies.

  The limitations of this study are as follows: the effect of oral intake of silymarin in rats has not been evaluated. Another limitation is that the biochemical markers urea, creatinine, creatinine phosphokinase, creatinine kinase-myocardial band, aspartate aminotransferase, and alanine aminotransferase have not been examined. Moreover, the effects of silymarin on the intestines, the spinal cord, and the brain have not been studied either.
  

  CONCLUSION

  In conclusion, silymarin has cardioprotective, renoprotective, neuroprotective, pulmonary protective, anti-inflammatory, antioxidant, immunomodulatory, anti-proliferative, hepatoprotective and antidiabetic effects that have been demonstrated in clinical and experimental studies. Despite our limitations, this study has shown that the administration of silymarin through the intraperitoneal route reduces histopathological damage to the liver, kidneys and lungs, as well as oxidative stress in the I/R model of the supraceliac abdominal aorta for the first time. The findings indicate that silymarin treatment may reduce tissue damage and OSI. They therefore lay the foundation for future clinical trials on the efficacy of silymarin.
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    ABSTRACT

    INTRODUCTION: In the treatment of complex aneurysms, debranching is an extra-anatomical revascularization of visceral arteries followed by endograft coverage of the thoracoabdominal aorta. It eliminates the need for a thoracotomy and aortic clamping, but requires the performance of several technically demanding visceral anastomosis. In 2008, Lachat described visceral revascularization with the use of a sutureless distal anastomosis, performed by the telescoping of an endograft in the visceral branch, named VORTEC (Viabahn Open Revascularization TEChnique)..

    OBJECTIVE: An experimental model was created to test the feasibility and short term results of performing a telescoped proximal anastomosis to the abdominal aorta..

    METHODS: Swine model. The abdominal aorta was dissected and ligated between the renal arteries and the iliac vessels. Three centimeters bellow the renal arteries a Viabahn endograft was telescoped for 2 cm into the proximal aorta. The other extremity was conventionally anastomosed to the distal aorta. Patency, sealing and tensile strength of the anastomosis were tested..

    RESULTS: Time for performing the telescoped anastomosis was shorter (5.4±2.8 min versus 10.3±3.4 min, P<0.05). All grafts were patent and both types of anastomosis presented no bleeding. Immediate tensile strength showed a higher strength of the conventional suture (22.7 x 14.3 N, P<0.09). After 30 days there was no pseudo-aneurysms and the strength of the conventional and VORTEC anastomosis were similar (37.3 x 40.8 N, respectively, P=0.17)..

    CONCLUSION: Telescoped proximal anastomosis by the technique of VORTEC is feasible. After 30 days the tensile strength of the both anastomosis were similar.

    Keywords: Anastomosis, Surgical. Models, Animal. Swine.

  

   

   

  INTRODUCTION

  Conventional vascular anastomosis requires extensile exposure, circumferential dissection and temporary occlusion of the vessels. This technique was initially described by Alexis Carrel, in 1902[1], and despite several technical improvements it has remained basically the same.

  Several devices for sutureless anastomosis were developed since that time, as grafts with rings[2], connectors[3], clips[4] and even magnets[5].

  In complex aortic surgeries, the time to perform an anastomosis is related to ischemic and reperfusion injuries and can lead to renal failure, mesenteric ischemia and systemic inflammatory response. Thus, is advisable to simplify and shorten this period of the surgery.

  In 2008, Lachat et al.[6] described a technique of sutureless anastomosis by telescoping a stent graft (Viabahn, W. L. Gore & Associates, Flagstaff, AZ) in order to facilitate complex vascular reconstruction in debranching procedures for thoracoabdominal aneurysms. The advantages of this technique are: less dissection of the vessel, lower the ischemic time and simplification of the procedure.

  This technique was described solely to distal anastomosis. If also applicable to proximal anastomosis it could enhance its applicability, as in the case of laparoscopic aortic anastomosis.

  The objective of this experiment was to test the Viabahn Open Revascularization TEChnique (VORTEC) technique in a swine model, by the construction of an aorto-aortic graft and evaluating the feasibility of the use of the technique in the proximal position. We evaluated the technical success, the time required to perform the anastomosis, the gross macroscopic appearance, and the sealing and the tensile strength of the sutured anastomosis compared to the telescoped anastomosis. The proximal placement of the telescoped graft will, in theory, submit the anastomosis to increased hemodynamic stress in relation to the distal position, which could result in increased rate of migration and leaks. If this model proves successful, the VORTEC technique could be proposed for a broader range of applications.

   

  METHODS

  This study was approved by the Ethical Committee on the Use of Animals of the Institution (protocol 2737-1). The experiment was carried out on eleven female large-white pigs weighting approximately 30 kg. The animals were submitted to general anesthesia with orotracheal intubation, peripheral venous access and invasive arterial pressure monitoring. A median laparotomy was performed exposing the abdominal aorta from the renal arteries to the aortic trifurcation, and the aorta was ligated midway with 2-0 silk. Above the ligature the aorta was punctured with an 18G needle, a 0.035" guidewire was passed to the thoracic aorta and an 18F sheath was introduced 2 cm into the aorta. A 5 mm Viabahn graft was introduced 2 cm into the aorta according to markings previously placed on the sheath. After deploying the endograft, the sheath was removed and the graft was clamped close to its exit from the aortic wall. The distal aorta was transected and a conventional sutured anastomosis was performed between the endograft and the distal aorta with running 5-0 polypropylene (Figure 1).
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  The patency of the graft was tested by the palpation of the distal pulses and testing with a continuous wave Doppler examination. After completion of the anastomosis, intra-venous adrenaline was injected in order to raise the arterial blood pressure above the normal pressure to check for sealing.

  It was annotated the time to perform each anastomosis, the presence of bleeding and/or dislodgment of the endograft.

  The animals were divided into two groups. In Group 1, the animals were sacrificed immediately after the operation. In Group 2, the animals were sacrificed after thirty days, meanwhile they were kept at the animal lab's facilities.

  After the sacrifice, the anatomic specimen containing the abdominal aorta and the graft was collected for evaluation of a possible displacement of the endograft, presence of stenosis and pseudoaneurysms. In three animals (one in Group 1 and two in Group 2) it was performed a tensile strength test of the anastomosis. This test was done at the Faculty of Agriculture Engineering of the University of Campinas utilizing a press (Otawa Texture Co.), weight cells (Berg Cell), a signal amplifier (Kyowa) and the software DAQWARE, according to previous studies performed on the biomechanics of tendons[7].

  Statistical analysis was performed in the software G-power for the estimation of the sample size and the software IBM's Statistical Package for the Social Sciences for the analysis of the Student t test, for the comparison of time and tensile strength.

   

  RESULTS

  The immediate success of the procedure was 100% as the aorto-aortic graft was completed in all animals. No bleeding was observed from the anastomosis or endograft displacement after the injection of adrenaline to raise the arterial blood pressure after the procedure.

  The time to perform the VORTEC anastomosis was shorter compared to the sutured anastomosis (5.4±2.8 min versus 10.3±3.4 min, P<0.05, Figure 2).
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  Two animals in Group 2 died on post-operative day one. Necropsy revealed that one animal died from intestinal rupture secondary to intestinal obstruction. In the other animal no cause was identified. A patent graft with no signs of anastomotic rupture was observed in both animals and there was no hemoperitonium.

  In the remaining four animals, one graft was found occluded secondary to intimal hyperplasia. The remaining grafts were patent, with no signs of pseudoaneurysms or graft displacement.

  The tensile strength test was performed in three animals (Figure 3). On the animal of Group 1 it was found that the sutured anastomosis had a higher strength [22.7 versus 14.3 Newton (N), P=0.09], as expected, since the proximal anastomosis was anchored only by the radial force of the stent graft. On Group 2, two animals were submitted to the test. It was found no difference between the tensile strength of the sutured and VORTEC anastomosis (37.3 versus 40.8 N respectively, P=0.17). The increase in tensile strength was probably secondary to the intense fibrous tissue that was found around the operation site (Figure 4).
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  DISCUSSION

  The VORTEC technique was developed to facilitate the revascularization of the aortic branches during the correction of complex aneurysms. The main advantages would be less dissection of the vessels, lower the ischemic time and simplification of the procedure, decreasing the operative time[6]. This technique is being successfully employed in the treatment of juxta-renal, thoracoabdominal and aortic arch aneurysms[8]. Besides aortic procedures, it has been used in infra-inguinal revascularization with heavily calcified arteries[9].

  In 2012, W.L. Gore & Associates launched on the market the endograft Hybrid, a variation of the Viabahn stent graft, specifically designed to perform this technique because on one end it is a conventional expanded polytetrafluoroethylene graft (ePTFE) graft which facilitates the conventional suture. The other extremity is a stent graft designed for being telescoped into the receptor vessel.

  In all these studies the purpose of these grafts was to facilitate the distal anastomosis. This study had the objective to evaluate the performance of this technique as proximal anastomosis, which could broaden the use of this technique.

  It was found that the immediate technical success was 100%, the VORTEC technique was faster to perform, as expected, since it requires only the puncture of the vessel under direct visualization, the placement of the sheath and the deployment of the stent graft. Even though the telescoped anastomosis had a smaller immediate tensile strength, after 30 days there was no difference between the two techniques. We believe this is secondary to the formation of fibrous tissue around the anastomosis as observed in the explanted material.

  Of course, there are concerns about complications in the long term, such as leakage, kinking and graft occlusion. However, in the short term, this technique applied in the proximal anastomosis confection seems to be very promising.

   

  CONCLUSION

  This study has demonstrated, in a swine model, the feasibility of performing the VORTEC anastomosis in a donor, or proximal position. The technique was faster than the conventional suture technique and after 30 days had a similar tensile strength. This may open the use of this technique in complex debranching procedures, totally telescoped grafts and even facilitating the laparoscopic aortic anastomosis[10]. New hybrid devices may be developed for these applications.
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    ABSTRACT

    OBJECTIVE: We evaluated the effect of surgeon experience on complication and mortality rates of carotid endarterectomy operation..

    METHODS: Fifty-nine consecutive patients who underwent carotid endarterectomy between January 2013 and February 2016 were divided into two groups. Patients who had been operated by surgeons performing carotid endarterectomy for more than 10 years were allocated to group 1 (experienced surgeons; n=34). Group 2 (younger surgeons; n=25) consisted of patients operated by surgeons independently performing carotid endarterectomy for less than 2 years. Both groups were compared in respect of operative results and postoperative complications..

    RESULTS: No intergroup difference was found for laterality of the lesion or concomitant coronary artery disease. In group 1, signs of local nerve damage (n=2; 5.9%) were detected, whereas in group 2 no evidence of local nerve damage was observed. Surgeons in group 1 used local and general anesthesia in 3 (8.8%) and 31 (91.2%) patients, respectively, while surgeons in group 2 preferred to use local and general anesthesia in 1 (4%) and 24 (96%) patients, respectively. Postoperative stroke was observed in group 1 (n=2; 5.9%) and group 2 (n=2; 5.8%)..

    CONCLUSION: Younger surgeons perform carotid endarterectomy with similar techniques and have similar results compared to experienced surgeons. Younger surgeons rarely prefer using shunt during carotid endarterectomy. The experience and the skills gained by these surgeons during their training, under the supervision of experienced surgeons, will enable them to perform successful carotid endarterectomy operations independently after completion of their training period.

    Keywords: Endarterectomy, Carotid. Training. Stroke. Treatment Outcome.

  

   

   

  INTRODUCTION

  Carotid artery stenosis leads to stroke and long-lasting disabilities. Atherosclerosis, which settles inside the bifurcation of common carotid artery, is one of the major causes of recurrent ischemic stroke[1]. Current medical approaches aim to slow down the progression of the disease and prevent stroke[2]. Since the first successful carotid endarterectomy (CEA) performed in the 1950s, surgical treatment has become the gold standard in the treatment of carotid stenosis[3]. Its superiority over medical therapy in cases with symptomatic and serious carotid stenosis has definitively been revealed in many studies[4-6]. CEA is a widely performed procedure in many medical centers, with low complication rates. Within the first 30 postoperative days, local neurological damage, hematoma and bleeding, cardiovascular complications, permanent or transient stroke, and death are the most frequently encountered complications[7]. CEA techniques differ among surgeons; however, no difference regarding postoperative mortality and complications could be demonstrated among those techniques.

  In this study, the impact (if any) of surgeon experience on complications and mortality rates of CEA were investigated.

   

  METHODS

  Study Design

  A total of 59 patients (women, n=19; 32%; men, n=40; 68%) who had undergone CEA between January 2013 and February 2016 at our clinic were included in the study. Ethical committee approval for the study was obtained from the local Clinical Research Ethics Committee. Signed informed consent forms were obtained from all patients. All of the study participants consisted of symptomatic patients with a 70-90% carotid stenosis. Medical data and surgical records of the patients were retrospectively examined and the patients were divided into 2 groups. Group 1 consisted of patients (n=34) operated by surgeons who had been performing CEA for more than 10 years (experienced surgeons). The second group (Group 2, n=25) consisted of patients operated by surgeons who had been independently performing CEA for less than 2 years (younger surgeons).

  Our clinic has two surgeons who have more than 10 years' experience in CEA and three surgeons who have been performing CEA for less than 2 years. The patients in both groups were compared retrospectively in terms of surgical technique used, postoperative mortality, stroke, bleeding, shunt application, and anesthesia method.

  Surgical Technique

  Under local anesthesia, the patients were positioned properly for CEA. The operation site was disinfected with polyvinylpyrrolidone and covered with a sterile drape. To achieve anesthesia, subcutaneous 2% lidocaine was injected. For other patients, general anesthesia was instituted before disinfection and draping steps. A skin incision was made, starting from 2 cm above the sternoclavicular junction up to 2 cm below the earlobe, parallel to the medial edge of the sternocleidomastoid muscle. Subcutaneous tissue and fascial layer were opened, and the common facial vein branch of the internal jugular vein was ligated to access the common carotid artery. Common and internal carotid artery, external carotid artery, and its superior thyroidal branch were suspended with silicon tapes. All patients were heparinized with intravenous 5000 U heparin. Two minutes after heparinization, atraumatic vascular clamps were placed first around the internal, then in the common and external carotid arteries. Afterwards, arteriotomy incision was performed, beginning from the common carotid and extending to the internal carotid artery. Shunt implantation was performed according to surgeons' choice. Endarterectomy was carried out using endarterectomy spatula (Watson-Cheyne dissector) and delicate forceps. Residual intimal tissues on the vessel wall were removed and the lumen was washed using a heparinized isotonic serum. Then, the intimal edges of the common and internal carotid arteries were sutured to the vessel wall with 7/0 propylene sutures. Later, the arteriotomy incision was closed primarily or with a patch. Before ligation of the sutures, clamps and air within the lumen were removed. Then, the suture was ligated and the remaining clamps were removed. Following hemostatic control, a Hemovac drain was placed inside the entry site and fascia, subcutaneous, and cutaneous layers were closed. Intubated patients who received general anesthesia were brought into the intensive care unit (ICU) and connected to an assisted ventilation apparatus. Patients who underwent the procedure under local anesthesia were also transferred to the ICU, and their neurological examinations were performed. Neurological examination of the patients who received general anesthesia was performed after their extubation.

  Statistical Analysis

  For statistical analysis, Statistical Package for the Social Sciences 19 (SPSS Inc, Chicago, IL, USA) was used. Compatibility of the measurable data to normal distribution was analyzed using single sample Kolmogorov-Smirnov test and, for intergroup comparisons of those demonstrating normal distribution, independent sample-t-test was used. In the evaluation of qualitative data, Fisher's exact test, χ2 test with Yates correction, and Kolmogorov-Smirnov two-sample test were used. As descriptive statistics, for measurable data, arithmetic means ± standard deviation, and for quantitative data, numerical values and percentages were provided for all statistical evaluations. P<0.05 was considered statistically significant.

   

  RESULTS

  There was no significant intergroup difference between groups in terms of age, gender, cardiovascular disease, smoking, diabetes mellitus, hypertension, hyperlipidemia, chronic obstructive pulmonary disease (COPD), previous peripheral vascular surgery, permanent and transient stroke, and Transient ischemic attack (TIA) (Table 1).
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  Left and right carotid artery disease were detected in 24 (40%) and 23 patients (38.9%), respectively. Seven patients presented with left carotid artery disease plus coronary artery disease (11.8%) and 5 patients presented right carotid artery plus coronary artery disease (8.4%) (Table 2). No intergroup difference was found for laterality of the lesion or concomitant coronary artery disease (P=0.974). In group 1, CEA (n=5, 14.7%), CEA + saphenous vein patch plasty (n=4; 11.8%), CEA +polytetrafluoroethylene (PTFE) graft patch plasty (n=18; 52.9%), combined CEA + PTFE graft patch plasty + coronary bypass (n=5; 14.7%), and combined CEA + saphenous vein patch plasty + coronary bypass (n=2; 5.9%) were performed. In group 2, only CEA (n=2; 8%), CEA + saphenous vein patch plasty (n=2; 8%), CEA + PTFE graft patch plasty (n=15; 60%), CEA + coronary bypass (n=4; 16%), and combined CEA + PTFE patch plasty + coronary bypass (n=1; 4%) were performed. No intergroup difference in terms of surgical technique was observed (P=0.852) (Table 3).
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  In group 1, signs of local nerve damage (n=2; 5.9%) were detected, while in group 2, no evidence of local nerve damage was found. However, no statistically significant difference was observed between the two groups (P=0.503). The most important difference between groups is related to the use of shunt implantation. Experienced surgeons performed shunt implantations on 22 (64.7%) patients whereas, in the group of younger surgeons, only 4 (16%) patients had undergone shunt implantation (P=0.001). Experienced surgeons used local and general anesthesia in 3 (8.8%) and 31 (91.2%) patients, respectively, while the younger surgeons preferred to use local and general anesthesia in 1 (4%) and 24 (96%) patients, respectively (P=0.630). In group 1, 4 (11.8%) patients were lost during the early postoperative period. No cases of mortality were observed in group 2. Nevertheless, there was no statistically significant difference between groups (P=0.130). Postoperative stroke was observed in group 1 (n=2; 5.9%) and group 2 (n=2; 5.8%) (P=1.000). Three (73%) of those 4 patients were lost in the early postoperative period. Re-exploration because of bleeding was not performed in either group (Table 3).

  The surgical procedures varied between the two groups. Table 4 shows the surgical procedures performed in both groups. There was statistically significant difference between groups in terms of procedures performed.
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  DISCUSSION

  Carotid artery stenosis is an important health problem and a significant cause of stroke and mortality. Superiority of CEA in the prevention of stroke in cases with carotid stenosis has been established[8]. Selection of patients for CEA is a very important issue. In determining the treatment modality for carotid artery stenosis, five distinct conditions should be considered[2]: 1. Neurological symptoms; 2. Severity of carotid stenosis; 3. Medical comorbidities; 4. Vascular and local anatomic features: 5. Carotid plaque morphology.

  Generally, for invasive intervention, features of items 1 and 2 are considered and, when choosing between surgery and carotid stenting, characteristics of items 3, 4, and 5 are considered.

  Many conditions influence the success of CEA. To establish indications for CEA, consideration of the aforementioned conditions, surgical adequacy, and surgical experience play important roles, as is the case for all peripheral vascular interventions. Many published research studies have concluded that surgeons performing fewer number of endarterectomies encountered higher incidences of stroke and death[9]. Many studies have compared trainees performing CEA under supervision to surgeons who carried out CEA independently, and generally those investigations could not detect any difference between surgical procedures applied in terms of stroke and death rates[10-12].Different from these studies, in this investigation, experienced surgeons who practiced CEA for more than 10 years and those performing CEA independently for less than 2 years without any supervision were compared. No intergroup difference in terms of stroke and death rates was observed. Stroke and death rates in both groups are compatible with the results reported by the European Carotid Surgery Trial, and North American Symptomatic Carotid Endarterectomy Trial surveys.

  Rationale for the preference for either local or general anesthesia between groups is almost the same. In our clinic, we prefer to perform all CEAs under general anesthesia. In cases with contralateral carotid occlusion or advanced carotid stenosis, local anesthesia may confer some benefits[13,14]. In our study, one patient developed malign hyperthermia secondary to general anesthesia and was lost.

  Transient interruption of cerebral blood flow during CEA could be prevented by shunt implantation. However, shunt implantation during CEA is not a routine practice in our clinic, and any evidence that requires application of shunt is lacking[2]. Shunt implantation may result in the risk of embolization and dissection[15]. Generally, the presence of contralateral carotid occlusion or serious stenosis in addition to routines and preferences of the surgeon are determining factors for the application of a shunt. In our study, shunt implantation in group 1, which encompassed experienced surgeons, was found to be relatively more frequent (P<0.001). Any intraoperative complication secondary to shunt implantation was not detected.

  During CEA, closure of arteriotomy incision using vein or synthetic patch can decrease the rate of arterial restenosis[16,17]. A patch was used in 42 (71%) of our 59 patients. No intergroup difference as for patch application was observed. Routinely, saphenous vein was used as a venous patch because of higher rates of restenosis with Dacron patches; a synthetic PTFE patch was also employed[18,19].Since saphenous vein harvested from the ankle region is more prone to rupturing when compared with a saphenous vein segment resected above the knee, harvesting saphenous vein segment from inguinal or above-the-knee was preferred[18].

   

  CONCLUSION

  In conclusion, younger surgeons perform CEA operations with similar techniques and have similar results compared to experienced surgeons. Younger surgeons rarely prefer using shunt during CEA operations. When carrying out risky and challenging procedures like CEA, to be under the supervision of experienced surgeons is an important routine that makes trainees feel safe in their applications. The experience and skills gained by these surgeons during their training under the supervision of experienced surgeons will enable them to perform successful and safe CEA operations independently after completion of their training period.
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    ABSTRACT

    OBJECTIVE: Introduce the low-cost and easy to purchase simulator without biological material so that any institution may promote extensive cardiovascular surgery training both in a hospital setting and at home without large budgets..

    METHODS: A transparent plastic box is placed in a wooden frame, which is held by the edges using elastic bands, with the bottom turned upwards, where an oval opening is made, "simulating" a thoracotomy. For basic exercises in the aorta, the model presented by our service in the 2015 Brazilian Congress of Cardiovascular Surgery: a silicone ice tray, where one can train to make aortic purse-string suture, aortotomy, aortorrhaphy and proximal and distal anastomoses. Simulators for the training of valve replacement and valvoplasty, atrial septal defect repair and aortic diseases were added. These simulators are based on sewage pipes obtained in construction material stores and the silicone trays and ethyl vinyl acetate tissue were obtained in utility stores, all of them at a very low cost..

    RESULTS: The models were manufactured using inert materials easily found in regular stores and do not present contamination risk. They may be used in any environment and maybe stored without any difficulties. This training enabled young surgeons to familiarize and train different surgical techniques, including procedures for aortic diseases. In a subjective assessment, these surgeons reported that the training period led to improved surgical techniques in the surgical field..

    CONCLUSION: The model described in this protocol is effective and low-cost when compared to existing simulators, enabling a large array of cardiovascular surgery training.

    Keywords: Cardiovascular Surgical Procedures. Education. Training.

  

   

   

  INTRODUCTION

  Young medical students and surgeons have been trained in cadavers and live animals since the 19th century. Currently, due to the difficulties to obtain and use cadavers, ethical issues and significant anatomic differences between animals and humans[1-3], new methods to teach surgical techniques have been pursued such as the use of artificial simulators[4].

  Simulation may be defined as "the technique that imitates the behavior of a situation or process (be it economic, military, mechanical, etc.) by means of an analogous situation or device, specifically dedicated to study or personal training"[5,6]; it may also be simply referred to as a "technique that uses a simulator as an object of partial or total representation of a test to be replicated"[7].

  The validity of simulations as a medical learning process has been scientifically investigated[5,7-10]. Research involving medical learning and teaching using simulation is difficult to interpret, especially because one cannot be sure whether the method has made any difference or whether those using the method were more dedicated[7].

  Medical students have reached similar results in surgical techniques using simple or sophisticated simulators[11,12] and any training using simulators produced superior results than theoretical training alone[5].

  There are different models of simulators as proposed by Andrade[13], who used a dummy and an anatomic specimen (heart): the model presented by Corso et al.[14] in the 41st Brazilian Congress of Cardiovascular Surgery 2014 for training in videoassisted surgery, the project produced by Johnson & Johnson, by means of its subsidiary Ethicon, and even models that produce movements, for the training of surgery without cardiopulmonary bypass[15], among others that are very sophisticated, where anatomic models mimic the consistency and response of live tissues.

  In the 42nd Brazilian Congress of Cardiovascular Surgery, we presented a low-cost simulator using a shoebox[16]. The model using a cardboard box caused some problems: a) cardboard could not be used/stored in a hospital environment due to contamination issues and because it obstructed the passage of natural light, requiring a light source; b) it was limited to exercises related to coronary artery disease and simple exercises in the aorta.

  We abandoned the original cardboard box, but kept the low-cost concept of the initial project. We propose the use of a transparent plastic box that eliminates the previous contamination and light source problems, and add new methodology and accessories to provide more surgical treatment options, including valve replacement and valvoplasty, atrial septal defect correction and treatment of the aorta.

   

  METHODS

  Preparation of the Simulator

  The material used to manufacture the simulator was purchased in regular stores (stationary stores, office depots, household supply and construction material stores). To better evaluate cost, we separated the materials into permanent materials, which are those required to build the simulator (Table 1) and consumables, which are those used for the different exercises (Table 2). We have excluded surgical suture lines, forceps and needle holders from these amounts, since they have to be used in any training.
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  Manufacture of the simulator was very simple. A 20 cm width, 30 cm length, 10 cm height transparent plastic box was used for each individual simulator. We used a soldering iron to produce an oval 25 x 18 cm opening on the bottom of the box to simulate an anterior thoracotomy (Figure 1A). The box was then placed bottom up on a wooden shelf. Four grooves were created with the soldering iron on the bottom corners of the box. Elastic bands held the box to the shelf by these corner grooves (Figure 1B).
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  Next to the four angles of the surface around the "thoracotomy", 2 mm holes were made and through them we fixed approximately 2.5 cm wide rubberized fabric straps along the full extension of the surface (Figure 1A). These straps hold the suture wires with 19 mm paper clips during training, whereby Kelly forceps are therefore not required and, in some cases, even assistants are not required.

  Exercises

  The structure providing the base for the aortic valve simulation is a simple 40 mm sewer pipe sleeve. At the lower end, two holes are punched on opposite sides where 4.2 x 13 mm bolts are screwed in, which are used to attach this structure to the wooden base with elastic bands. At the upper end, three 4 mm holes are uniformly distributed (Figure 1). These holes are used to stich 5 cm silicone molds using cotton thread. Once they are put in place, these molds simulate the aortic valve.

  For the simulation of the mitral valve, a 50 x 45 mm sewer pipe elbow is used. The finer end is cut at the bend so that the other end makes an angle with the wooden surface. On the lower end, which is cut, four opposite 4 mm holes are made for 4.2 x 13 mm bolts, which are used to attach this structure to the wooden base with elastic bands. At the upper end, three 4 mm holes are uniformly distributed (Figure 1). These holes are used to stitch 7 cm silicone molds using cotton thread. Once they are put in place, these molds simulate the mitral valve. Mitral valve repair may also be performed (Figure 2A) with mitral neo-chordae grafts (Figure 2B). For the training of both the valvar prosthesis graft and the aortic aneurysm repair, the bottom of the molds is resected (Figure 3).
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  For the simulation of aortic and mitral prosthesis, respectively 25 and 40 mm welding caps are used. An ethylene-vinyl acetate (EVA) strap is attached to the base of each cap to simulate the prosthesis rings. Each type of prosthesis simulator is used in its own respective aortic and mitral valve simulator (Figure 1C). Figure 2C shows an implanted aortic prosthesis.

  For the training of aortotomy, aortorrhaphy, coronary proximal and distal anastomoses, silicone ice trays and spaghetti party balloons are used. The ice trays are attached to the wooden base with the elastic bands. Their surfaces simulate the aortic rim for training purposes (Figures 4A and 4B). The spaghetti balloons simulate the vein for proximal (Figure 4C) and distal (Figure 4D) anastomoses.
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  To simulate the aorta in aortic aneurysm repair training, the mitral and aorta simulator is used; however, the silicone is inverted (Figure 5A). The aortic tube to be grafted is made from EVA fabric. This fabric is cut and rolled to the desired diameter, and then attached with hot glue (overlapping rims by 1cm). It will have to be sutured at the proximal (Figure 5B) and distal openings. Coronary ostia regrafting with spaghetti balloon anastomosis on the lateral portion of the inverted silicone mold may also be trained (Figure 5C). Finally, an end-to-end EVA pipe anastomosis may be performed (Figure 5D).
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  To train closure of atrial septal defect, the same mitral support is used. After the patch suturing exercise, a tricuspid annuloplasty may be subsequently performed using the same model (around the sutured patch).

  The trainee alone, under supervision of a senior surgeon, did most exercises. Some exercises needed the help of an assistant who was the senior surgeon or another trainee. There by, each thoracotomy simulator was individual, but could be used to train surgeon and first assistant surgeon simultaneously.

   

  RESULTS

  At our service, training was carried out by means of bench exercises, totaling nearly 22 hours, with supervised exercises every fortnight. Those exercises were later repeated at home or anywhere else, since every resident received an off-laboratory kit to use. The minimum amount of repetitions was set on the basis of exercise difficulty level. From the minimum amount of required exercises, we then calculated the total consumables used (Table 2).

  There was training on aortorrhaphy, aorta purse string suture, proximal and distal coronary anastomoses, valve disease treatment, aortic disease repair, and atrial septal correction. We noticed that the repetition of these exercises facilitated the performance of residents on a surgical field. Residents evaluated this subjectively after the end of their training period.

  The exercises were performed in a well-lit setting, without the need for a surgical light source.

  The straps at the edge of the box providing support to the paper clips enabled training with reduced surgical materials, such as Kelly forceps, and in some cases avoiding the help of an assistant, thus providing for reduced costs and easy training anywhere, including home. Total cost per resident was US$ 38.01, where permanent materials were estimated at US$ 19.20 (Table 1) and consumables, at US$ 18.81 (Table 2) (prices collected in the first semester of 2015).

   

  DISCUSSION

  In spite of how easy and cheap it was to obtain the simulator, our first one could not be used in a hospital setting because it is subjected to contamination. Since the walls were opaque, there was need for a surgical light source, which made it more difficult to use in any setting.

  The solution found for that problem was to adopt a transparent plastic box, which is easy to find in any retail household shop. And it helped eliminate the need for a light source, both in and out of the laboratory.

  In 2015 first semester values, the cost to make each exercise kit was below US$ 40, which is affordable to any institution. If compared to simulators found in the international market, this cost was up to 100 times cheaper. Furthermore, we should always consider that some items, like the minimum sellable amounts of straps and bolts cater to the needs of many simulators, which virtually writes off their cost. The use of straps with fixing points eliminated the use of part of the surgical instrumentation, which contributed to further reducing the institution's training project costs.

  Along with the new "thorax", we added a number of other exercises, such as valve replacement and valvoplasty, atrial septal defect correction, aorta replacement, and we also enhance "coronary" anastomoses. These exercises were cheerfully welcomed by the young surgeons, who developed their skills in the use of some techniques they only knew from theoretically.

   

  CONCLUSION

  The model described in this protocol is effective and lowcost when compared to existing simulators, enabling a large array of cardiovascular surgery training.
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    ABSTRACT

    Quadricuspid aortic valve (QAV) is a rare congenital heart disease. The functional status of QAV is predominantly a pure aortic regurgitation. Clinical manifestations of patients with a QAV depend on the functional status of the QAV and the associated disorders. Significant valvular regurgitation and (or) stenosis is often present with subsequent operation performed at the fifth to sixth decade of life. The functional status of QAV is predominantly regurgitant; whereas pure stenotic QAV can be as few as in only 0.7% of the patients. QAV is usually an isolated anomaly, but other congenital heart defects can be present in 18-32% of the patients. About one-fifth of them require a surgical operation. Tricuspidalization is a preferred technique for QAV repair. As not all the patients with a QAV necessarily warrant a surgical operation, decision-making in patient selection and surgical procedure of choice are crucial. Antibiotic prophylaxis against infective endocarditis is necessary in the QAV patients with unequal-sized cusps.

    Keywords: Aortic Valve Insufficiency. Cardiac Surgical Procedures. Heart Valve Diseases.

  

   

   

  INTRODUCTION

  Quadricuspid aortic valve (QAV) is a rare congenital heart disease with an incidence of 0.00028-0.00033% in autopsy series[1], 0.0059-0.0065% for patients undergoing transthoracic echocardiographic examinations[2] and 0.05-1% for those receiving aortic valve replacements for aortic regurgitation (AR)[3,4]. With the advent of echocardiography and other imaging diagnostic techniques, QAVs are increasingly reported[5].

  Debates remain in the management strategies of the patients with a QAV in terms of surgical indication, surgical procedure of choice and antibiotic prophylaxis against infective endocarditis.

  The aim of the present study is to describe the clinical features and treatment strategies of QAV.

   

  MECHANISMS

  The mechanisms of QAV development remain unclear. It was believed to be anomalous septation of the conotruncus and abnormal septation of one of the endocardial cushions as a result of an inflammatory episode[6]. Aberrant cusp formation may represent abnormal fusion of the aorticopulmonary septum or abnormal mesenchymal proliferation in the truncus arteriosus[7].

   

  CLASSIFICATIONS

  There are two classification schemes. The Hurwitz & Roberts[8] classification, based on the relative size of the supranumerary cusp, divides QAVs into 7 types from A to G, to which Vali et al.[9] supplemented with a type H (Figure 1). Types A, B and C represent more than 85% of the cases; while type D variant is very rare[10]. Nakamura et al.[11] designed a simplified classification by focusing on the position of the supernumerary cusp: type I, supernumerary cusp between the left and right coronary cusps; type II, supernumerary cusp between the right and non-coronary cusps; type III, supernumerary cusp between the left and noncoronary cusps; and type IV, unidentified supernumerary cusp as of two equal-sized smaller cusps (Figure 2). Types I and II of the simplified classification are the same as types A and B of Hurwitz & Roberts[8]. Nakamura et al.[11] reviewed 42 patients with a QAV, and disclosed that the four types accounted for 23.8%, 30.9%, 7.1% and 4.9%, respectively. They also found the location of the supernumerary cusp did not influence the clinical outcomes[11]. Pirundini et al.[4] found type II QAV account for 39%.
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  AORTIC VALVE FUNCTION

  The functional status of QAV is predominantly a pure AR[4,12], i.e., AR in QAV is more common than aortic stenosis[4], even though its primary incompetency may develop into subsequent stenosis at a later stage[1]. Tutarel & Westhoff-Bleck[13] reported that the functional status of QAV was regurgitant in 74.7%, combined stenosis and regurgitation in 8.4%, stenotic in 0.7%, and normally functioning in 16.2%. Yotsumoto et al.[14] reported that, among 616 patients for an aortic valve operation, 9 (1.46%) patients had a QAV, all of whom had significant AR except one with combined aortic stenosis and mild AR. They also found 55.6% (5/9) of the AR patients had a cusp fenestration. Janssens et al.[15] reported that AR was present in 56% (39/70) of the patients with a QAV. Tsang et al.[2] described that 23% of the patients with a QAV had progression of AR during a mean follow-up of 5.5±3.7 years, and an association between morphological characteristics of QAV and severity of AR was found. Unequal shear stress may lead to leaflet fibrosis and incomplete coaptation[16]. Restriction and thickening of the aortic cusp, apparent restriction and cusp prolapse were also considered the most probable mechanisms of AR[17]. Thickened cusps with poor coaptation[1], very thin and symmetrical cusps[18], fibrous thickening, myxoid degeneration and severe calcification of the valve have been observed[14]. Progressive cusp fibrosis with subsequent failure of cusp coaptation over time has been suggested as the key mechanism in AR[2]. Unequal distribution of stress and incomplete coaptation of the cusps lead to the progression of AR[15].

   

  ASSOCIATED DISORDERS

  QAV is usually an isolated anomaly, but other congenital heart defects can be present in 18-32% of the patients[2,19], including coronary artery and coronary ostium anomalies, atrial septal defect[20], ventricular septal defect[21], patent ductus arteriosus[22], tetralogy of Fallot[23], sinus of Valsalva fistula[24], subaortic fibromuscular stenosis[25], mitral valve regurgitation[26,27], mitral valve prolapse[28], hypertrophic non-obstructive cardiomyopathy (with echocardiographic evidence of massive left ventricular hypertrophy and asymmetric septal hypertrophy)[15], and transposition of the great arteries[29], etc. Moreover, QAV was once found in a patient with Ehlers-Danlos syndrome[19].

   

  CORONARY ANOMALIES

  Coronary artery and coronary ostium anomalies are the most frequent associated disorders[15]. Saccular aneurysm of the non-coronary sinus and a single coronary ostium[30], abnormal take-off of the right coronary artery with a small supernumerary coronary artery near the left ostium[18] and displaced right coronary orifice[31] have been reported to be associated with QAV. Malformation and displacement of coronary ostia is found in 10% of patients with a QAV[32,33]. However, Tsang et al.[2] reported a lower prevalence of the malformation with an incidence of only 2%, while the left coronary ostium occluded by a small accessory aortic valve cusp was found[2].

   

  AORTIC DILATION

  Attaran et al.[7] stated that in the patients studied the QAV was rarely associated with ascending aortic aneurysm and they once asserted that only 2 such cases reported in the literature. Nevertheless, Godefroid et al.[18] and Bauer et al.[34] reported earlier three cases of aortic root dilation altogether. Moreover, a recent report on dysfunctional QAV surgery suggested 42% (13/31) patients had an ascending aortic diameter of > 4 cm, and 7 (53.8%) patients of whom were performed concomitant repair of ascending aorta. Tsang et al.[2] observed that aortic dilation was present in 29% (14/48) patients, including aortic root dilation in 36% (5/14), tubular ascending aorta dilation in 36% (5/14), and both aortic root and tubular ascending aorta dilation in 29% (4/14). Of these aortic dilation cases, 79% (11/14) were mild and 21% (3/14) were moderate. The mechanism of aortic root dilation in QAV was considered a result of elastic disruption of the aortic ring[18].

   

  INFECTIVE ENDOCARDITIS

  Infective endocarditis was found in 1.4% of the cases[6]. A small supernumerary cusp can be a predictive risk factor of infective endocarditis[35]. In patients with four equally sized cusps the risk of infective endocarditis is lower because of the lack of asymmetry or flow disturbance. In valves with unequal cusps, uneven distribution of stress and incomplete juxtaposition during diastole may lead to progressive aortic insufficiency and gradual deterioration over the years, and thus increasing the risk for endocarditis[5]. However, a 75-year-old man with a type A QAV with four equal-sized cusps was once reported to be affected by infective endocarditis[36]. The identification of a QAV with AR is important as for the high risk of endocarditis[37]. Takeda et al.[35] reported a case of type F QAV with AR and infective endocarditis that warranted a valve replacement with a Medtronic Freestyle bioprosthesis. Pirundini et al.[4] reported that one of their three patients with a QAV had recurrent endocarditis and severe AR and underwent aortic valve replacement with a bioprosthesis. Debates remained concerning the prophylaxis of infective endocarditis in patients with a QAV. Some authors advised unconditional antibiotic prophylaxis[38], others recommended prophylaxis only in patients with AR with a small supernumerary cusp other than in those with trivial or mild AR with equalsized cusps[15,35]. However, the American College of Cardiology/American Heart Association (ACC/AHA) 2008 update on guidelines for infective endocarditis does not recommend prophylactic antibiotic treatment for the patients without the evidence of active infection[39].

   

  CLINICAL FEATURES

  The function of the QAV is usually kept normal when the patient is at the age of <18 years, and it is worsening at >40 years[6]. Significant valvular disorder is often present with subsequent operation performed at the fifth to sixth decade of life[10]. The patients' age at diagnosis was reported to be 49 (range, 6-78) years[15]. Most of the authors described a slight male predominance, but Janssens et al.[15] presented a larger male-tofemale ratio (62% vs. 38%).

  Clinical manifestations of the patients with a QAV depend on the functional status of the QAV and the associated disorders. Patient can be asymptomatic until the sixth decade of life[6]. Palpitations[18], chest pain[40], shortness of breath, fatigue and pedal edema[41], and syncope[15] can be present. Congestive heart failure can be the presenting symptom[1]. Salum et al.[42] reported a 56-year-old female patient with a QAV presenting with severe heart failure, heart enlargement and progressive AR. In extreme cases, sudden cardiac death may occur[15,43]. A decrescendo diastolic murmur at the left sternal boarder can be audible[44]. In patients with severe AR with left heart failure, S3 or S4 may be auscultated[44]. Electrocardiogram may show incomplete or complete right bundle branch block and signs of left ventricular hypertrophy[18].

   

  DIAGNOSIS

  Echocardiography was the leading mode of detection of QAVs. In majority of the patients, the diagnosis of QAV was made by echocardiography (51%), followed by surgery (22.6%), autopsy (15.6%), and aortography (6.5%)[18]. In a literature review including 70 cases of QAV[15], the diagnosis was made by transthoracic or transesophageal echocardiography (26/70, 31.7%), necropsy (25/70, 35.7%), surgery (15/70, 21.4%), and angiography (4/70, 5.7%). The screening value of transthoracic echocardiography and diagnostic accuracy of transesophageal echocardiography for QAVs were praised[6]. Two-dimensional transthoracic echocardiography became available in the 1970s, and it was not used for the diagnosis of QAV until 1984[45,46]. It could delineate aortic valve morphology (number of cusps, degree of thickening and vegetations) and function (coaptation, regurgitation, or stenosis), aortic root size and left ventricular size, etc.[5,47]. Nowadays, transesophageal echocardiography has become a preferred diagnostic tool of QAVs, for not only displaying the morphology of the QAV, but also disclosing the displaced coronary ostium[12]. Transesophageal echocardiography usually shows a QAV with four cusps, coaptation defect and AR[48]. On the short axis view of the aortic valve in diastole, the commissural lines formed by the adjacent cusps shows an "X" configuration other than the "Y" configuration of the normal tricuspid aortic valve[12]. Color Doppler may confirm AR with central jet due to incomplete coaptation of the cusps[5,6].

  Cardiac computed tomography may accurately show the status of QAV, such as the failed coaptation of the leaflets and significant AR[41]. Additionally, it may also clearly demonstrate the location of coronary ostia, dimensions of the aorta and the conditions of the coronary arteries[49]. Cardiac magnetic resonance imaging may also define the morphology of QAV, AR volume and calcification of the leaflets as well[48,50].

   

  SURGICAL INDICATIONS

  The surgical indications for QAV are severe AR[2], severe aortic stenosis[51], or dysfunctional QAV associated with other lesions, such as occlusion of the left coronary ostium[2]. In patients with a QAV with AR, 66.7% (26/39) required an aortic valve replacement[15]. George et al.[52] summarized previously published 15 cases of QAV and noted that only 3 (20%) required a surgical operation, in whom the surgical indications were aortic stenosis and severe AR in one, and AR associated with severe mitral valve prolapse in two patients. Tutarel[53] performed simultaneously replacements of the aortic valve and root with a cryopreserved homograft for a patient with a QAV in the presence of severe calcification of the ascending aorta. We recently reported a patient with QAV (type D in Hurwitz & Roberts'[8] classification and type III in Nakamura et al.'[11] classification) with mild AR as identified by transthoracic echocardiography (Figure 3), who was initially referred to us due to mild exertional dyspnea, and she was advised a regular follow-up[54]. However, she soon went to a provincial hospital, where she received an aortic valve replacement with a St. Jude Medical mechanical prosthesis. As such, an excessive treatment was seen in both surgical indication and surgical procedure of choice.
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  SURGICAL TECHNIQUES

  Aortic valve replacement is not an optimal solution for these young patients, because they are exposed to valve-related risks, such as thromboembolism, prosthetic valve degeneration, infective endocarditis and bleeding, and therefore aortic valve repair could be a promising option[17]. The target of aortic valve repair is to restore an accurate coaptation and low transvalvular gradient with no turbulent flow and therefore to achieve a favorable long-term durability[55]. In addition, transcatheter aortic valve replacement is not recommended for those patients with severe AR[44]. Anyway, aortic valve repair started late and the choice of the procedure is usually determined on the disease severity, condition of QAV, and surgeon's preference[33].

  The most common repair technique is the aortic valve tricuspidalization. Iglesias et al.[25] reported a case of QAV, in whom tricuspidalization by conjoining the rudimentary and right aortic valve leaflets and resection of subaortic stenosis were performed. Langer et al.[56] described their QAV repair technique of neocusp creation by rudimentary commissure detachment, adjacent cusp approximation and neocusp augmentation. Schmidt et al.[17] used pericardial patch augmentation and triangular resection of cusp tissue in their aortic repair technique. Kawase et al.[57] introduced their technique of neocusp creation by trimming the glutaraldehyde-treated autologous pericardium. Williams et al.[58] included abnormal commissure detachment, thickened tissue excision, leaflet approximation and subcommissural annuloplasty in their surgical technique of aortic valve repair. Song et al.[55] presented their tricuspidization of QAV for eight consecutive patients with an at least moderate AR. Their surgical key points are pericardial leaflet reconstruction, sinotubular junction reduction and commissure coaptation suture. The latter two teams[55,58] emphasized the importance of subcommissural annuloplasty and sinotubular fixation in the maintenance of the coaptation of the neocusps.

  Luciani et al.[59] reported their bicuspidization technique for a 68-year-old male patient with a type G QAV by joining two small non-coronary cusps to the left coronary cusp while preserving the right coronary cusp. The patient was asymptomatic at 18-month follow-up.

  Additionally, Ross procedure (subcoronary technique) was reported as an alternative of treatment of QAV for decreasing the risk of aortic root dilation[60]. Manouguian's operation was once performed in a QAV patient with narrow annulus associated with aortic steno-insufficiency and mitral insufficiency[27].

   

  POSTOPERATIVE COMPLICATIONS

  Postoperative complications are seldom. Tsang et al.[2] reported three postoperative complications, including progressive AR, transient ischemic attack and cardiac arrest in one patient each. Pirundini et al.[4] reported that a patient had postoperative complete heart block, which was believed to be a result of conduction system impairment by manipulation of the supernumerary cusp of QAV that was most commonly located between the right and non-coronary coronary cusps. The overall survival rates of QAV patients were 89.9% and 84.9% at 5- and 10-year follow-up, respectively[2].

   

  PROGNOSIS

  The non-tricuspid aortic valves are less amenable to repair and durability of repair was almost uncertain as there are limited cases and scanty of reports concerning the long-term outcomes[17]. In the early years, Yotsumoto et al.[14] reported one patient with a QAV failed for aortic valve repair and was converted to valve replacement. Song et al.[55] reported eight patients with QAV with significant AR in each patient. Tricuspidization with new aortic valve leaflet created with bovine pericardium resulted in significantly improved hemodynamics in all patients and showed satisfactory early and mid-term results with no reoperative requirements. Idrees et al.[33] reported the long-term outcomes of QAV patients undergoing aortic valve repair and aortic valve replacement. Three (42.9%, 3/7) patients with aortic valve repair developed regurgitation and (or) stenosis of the aortic valve and one of the three required reoperation for aortic valve replacement at 13 years after the initial operation. In comparison, 2 (8.7%, 2/23) patients developed aortic stenosis after aortic valve replacement, but without the need of re-replacement of the aortic valve. One patient of the aortic valve replacement group developed infective endocarditis and warranted re-replacement of the aortic valve. Figure 4 shows the management protocols and late results of QAV patients undergoing surgical operations.
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  CONCLUSION

  QAV is a rare congenital heart disease. Most of the patients with a QAV develop aortic valve incompetency at the fifth to sixth decade of life. About one-fifth of them require a surgical operation. Although tricuspidalization is a preferred repair technique for QAV with significant AR, the associated aortopathy could be a predictive risk factor of late failure of aortic repair. As not all the patients with a QAV necessarily warrant a surgical operation, decision-making in patient selection and surgical procedure of choice are crucial. The aortic valve repair of panegyric was started later and the procedural choice was determined by the feasibility concerning the QAV condition and surgeon's preference. Antibiotic prophylaxis against infective endocarditis is necessary in the QAV patients with unequal-sized cusps.
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  The saphenous vein (SV) is the most commonly used conduit for coronary artery bypass surgery (CABG)[1], with minimally invasive endoscopic vein harvesting (EVH) being used in the majority of CABG in the USA[2]. While the benefits of EVH include reduced wound complications and improved cosmetic outcome, an inferior patency rate of EVH-SVs compared to those harvested by open vein harvesting (OVH) has been reported[3] (Figure 1). Previous guidance in the United Kingdom advised that EVH should only be used with special arrangements[4]. This decision was based on data from the Project of Ex-vivo Vein Graft Engineering via Transfection (PREVENT) IV trial, where EVH-SV grafts showed higher failure rates than OVH grafts and, at 3 years, a higher death rate, myocardial infarction or revascularization compared to OVH grafts[5]. Originally, the PREVENT IV trial was designed as a randomized controlled trial to assess the effectiveness and safety of edifoligide on angiographic SV graft failure 12-18 months following CABG, as well as the effect of edifoligide on major adverse cardiac events throughout 5 years after CABG. Considering that the study by Lopes et al.[5] is a secondary analysis, the results should be evaluated carefully and potential biases inherent to a non-randomized study design should be considered. However, data published subsequently included more patients and, although it was judged that "EVH did not show increased occlusion rates or incidences of reintervention, myocardial infarction or death for endoscopically harvested grafts…the Committee noted the importance of training and regular experience for any clinician doing this procedure" (United Kingdom NICE interventional procedure guidance 494, 2014)[4]. Simultaneously, the 2014 Guideline on Myocardial Revascularization of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS) acknowledged the lack of unequivocal evidence concerning patency rates of EVH-SVs and no inferiority in clinical outcomes associated with EVH[6].
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  The unfavorable results regarding EVH-SV grafts are due to vascular damage inflicted where they are subjected to vascular trauma, including traction, adventitial stripping, and venous compression. Rousou et al.[7] showed endothelial damage in EVH-SV grafts and demonstrated that cellular metabolic activity, viability and membrane damage to the endothelium is less in OVH compared with EVH grafts. Also, using optical coherence tomography, Kiani & Poston[8] described marked damage to the adventitia of EVH-SV grafts as well as regions of endothelial denudation and abnormalities within the intima and deeper vessel layers, damage likely to affect graft patency.

  At the time that EVH was described, an atraumatic, no-touch technique of harvesting the SV was introduced that, for up to 16 years, provides a superior graft with a patency rate comparable to the internal thoracic artery (ITA)[9,10]. This data is supported by a recent randomized trial from the Swedish group, which compared no-touch SV patency to the radial artery, providing further evidence for the superiority of no-touch SV grafts[11]. This is important given the general consensus amongst cardiac surgeons that radial artery patency is superior and therefore the second conduit of choice. While the incidence of wound complications in patients receiving no-touch SV is higher than in those receiving EVH grafts, they are similar to patients receiving OVH grafts and their performance is far superior, at ~90% vs. 50% long-term. Several studies have reported SV graft failure rates of up to 10% to 20% after 1 year and an additional 5% failure rate for each subsequent year with conventional OVH[3,12-14]. When performing OVH, the recent 2014 ESC/EACTS Guidelines on myocardial revascularization support the use of the notouch technique to reduce graft injury and improve patency[6]. There is evidence that the improved patency of no-touch SV over conventional OVH grafts is associated with a reduction in vascular damage[15], maintaining normal vessel architecture, preservation of an intact endothelium[16,17] and endotheliumderived NO[17], as well as preservation of the vasa vasorum[18,19] and the SVs surrounding cushion of perivascular fat[20,21]. The damage inflicted to the SV using both OVH and EVH affects both short- and long-term graft performance. For example, reduced luminal nitric oxide availability, due to endothelial injury, leads to increased platelet aggregation, thrombus formation and early graft occlusion[12]. The results of the immunohistochemical analysis with CD34, iNOS and three isoforms of nitric oxide synthase in the human SV removed conventionally showed an evident impairment of the endothelial function[22-24]. Damage to the outer layers of the SV, in particular the adventitial vasa vasorum, reduces transmural blood flow, resulting in medial ischemia, conditions that have been shown to promote neointimal hyperplasia and atherosclerosis, thereby affecting mid- and long-term graft patency[19]. The cushion of perivascular fat that remains intact using no-touch technique is an important source of adipocyte-derived vasodilator factors, suggested to play an important role in preventing venospasm at harvesting and post implantation[20]. In addition, this pronounced outermost layer of fat prevents kinking of excessively long grafts and provides mechanical support that protects the vein once it is subjected to arterial hemodynamics at completion of distal anastomoses and removal of arterial clamps[18-21].

  Considering the dramatic improvement reported for notouch SV grafts, it is surprising that this technique is limited to a few cardiac centers, mainly in Sweden and Brazil and, at a rough estimate, amount to less than 1000 cases per year worldwide. The reasons for this low take up rate are unclear, but may be associated with senior surgeons' resistance to change and/or unwillingness to "retrain", rather surprising given the rapid adoption of EVH to a present level of over 80% of all CABG in the USA[3]. EVH was recommended (Class I, Level A) to reduce wound-related complications, improve patient satisfaction, and decrease postoperative pain, hospital length of stay, and outpatient wound-management resources when compared with OVH[25]. While wound complications are reduced using EVH compared with OVH and no-touch-harvested SVs, graft performance of EVH grafts may be inferior[25]. Early no-touch SV harvest site complications have been reported to range from 11% to 18%[25], considerably higher when compared to EVH, although similar to conventional OVH[25]. Furthermore, the learning curve for EVH is longer[3], and although it has been suggested that EVH is a cost effective method for harvesting the SV, the 2005 Consensus Statement of the International Society of Minimally Invasive Cardiothoracic Surgery (ISMICS) concluded there was inadequate cost-effectiveness data to allow recommendations on the resource implications of OVH vs. EVH techniques[25]. Several recommendation statements and guidelines have emphasized the importance of experience when performing EVH[4,6]. Interestingly, although EVH may reduce wound complications, the recent study by Te Kolste et al.[26] describes aspects of acute compartment syndrome, a rare, but serious, limb-threatening condition that may occur after CABG, especially following EVH. It is noteworthy that, over 10 years ago in their excellent review, Shuhaiber et al.[27] stated "In the operating room, tissue manipulation and the role of the surgeon or surgical assistant is quite essential. The no-touch technique of handling tissues during harvesting should be adopted in order to preserve the endothelial integrity and function."

  EVH is becoming popular in patients undergoing CABG in Brazil, a situation most likely influenced by the low wound healing complications and improved cosmetic outcome associated with this technique, in addition to its favored use in the USA. When considering the extra cost and problems regarding EVH-SV graft performance as described above, should the patient be made aware of the potential benefits of no-touch SV grafts? Should the benefits of no-touch SV harvesting be discussed and should the patient be given a choice?
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    ABSTRACT

    Validation of transendocardial injection as a method for delivering therapeutic agents to the diseased heart is increasing. Puncture heart biopsies should re-emerge as a possible alternative method to allow access to the myocardium and implantable biomaterial for cell therapy. Therefore, this work aims to present a percutaneous puncture device for biopsy and intramyocardial biomaterial injection, standardize the technique and attest to the safety of the method. The adaptation consists of creating myocardial microlesions that allow for better fixation of stem cells. The objective of this technical note covers only the development of the needle and the histological quality of the biopsies. It has not been used in humans yet.

    Keywords: Stem Cells. Biopsy. Myocardium.

  

   

   

  INTRODUCTION

  The search for safe and effective methods of obtaining intact infarction fragments has inspired countless authors and has been the subject of several studies. Over the years, the development of different procedures that allow the obtaining of cardiac tissue fragments went through several stages, evolving from open myocardiectomy and procedures with puncture needles to endovascular catheters. Despite being in disuse today, procedures with puncture needles are particularly important for offering access to the myocardium and the left ventricular cavity. Thus, puncture heart biopsies should re-emerge as a possible alternative method to allow access to the myocardium and implantable biomaterial for cell therapy. Therefore, this work aims to present a puncture device for biopsy and intramyocardial biomaterial injection, standardize the technique and attest to the safety of the method. The adaptation consists of creating myocardial microlesions that allow for better fixation of stem cells.

  The objective of this study covers only the development of the needle and the histological quality of the biopsies. A previous note was published in this journal[1].

   

  DESCRIPTION OF TECHNOLOGY

  The instrument for puncturing and injecting biological material is composed of an external needle (1), called coupling infusion, which contains a blunt tip (2) and multiple 0.5 mm diameter holes (3) at its end. Internally, it is fitted with a blunt mandrel that can be mobilized to fill the lateral holes, occluding or releasing them. The procedure for producing microlesions is done by replacing the blunt mandrel with a brush-mandrel (4), structurally designed to fill the holes by exteriorizing the small bristles (5) (Figure 1). The instrument is equipped with a locking mechanism that allows its complete mobilization as one single unit for microlesions. It can also be used simply as an external needle, thus becoming an instrument for biological injection. It was designed with an optional feather-mandrel (Figure 2).
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  The percutaneous needle is introduced at a point 1 to 2 cm away from the apex of the heart (Figure 3A) and it reaches the left ventricular cavity (Figure 3B). A slight and slow retreat of the needle until the blood jetting stops means that the muscular wall of the left ventricular myocardium completely occluded the holes (Figure 3C). It is noteworthy that the distribution of these holes on the side of the needle never exceeds the minimum width of the common ventricular wall, allowing a slow and accurate withdrawal movement of the needle. Blocking the blood flow through the proximal opening without the mandrel is an accurate indication of the perfect location of the side holes in the ventricular wall. Then, the operator can introduce the mandrel with bristles for scraping so as to cause microlesions (Figure 3D). After withdrawing the brush mandrel, the syringe containing biological material to be infused into the previously scarified myocardium can be engaged. The instrument is easily visualized by either echocardiography (Figure 4A) or radioscopy (Figure 4B).
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  The technique has been tested in in vivo pig models and it has shown itself to be feasible and safe. The results are presented through microscopic aspects of the heart (Hematoxylin-eosin, Masson, and Evans blue) (Figure 5).
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  DISCUSSION

  The initial motivation for this work was the proposed experimental procedure for injection of stem cells in the myocardium of animals and humans through a multifunctional transthoracic puncture needle. The design followed two classical principles: 1) safety, in order to avoid accidents; and 2) technical capability of reaching the wall of the heart muscle, ensuring the biomaterial was left there, and preventing its release into the ventricular cavity or between the epicardial and pericardial. This procedure tends to become an intervention with increased accuracy and increased safety due to multiple punctures and a greater extent of myocardial tissue covered with cell therapy. In addition, direct injection as adjunctive therapy to revascularization surgery is a viable proposition, but it caters to a select group of patients referred to surgical revascularization immediately after an acute ischemic event. Intramyocardial injection during thoracotomy, in the surgical treatment of coronary artery disease, is a real possibility[2-5].

   

  CONCLUSION

  In conclusion, the new instrument is designed to be a multifunctional central feature: 1) It allows the operator to access the left ventricular cavity through the transthoracic without risk of injury (perforation) of the coronary arteries; 2) It allows for myocardial laceration of the muscle fibers by severing them and ripping the myocardium, thereby generating muscle microlesions through its arbor with bristles and promoting an "inflammation beneficial to the cell transplant process"; 3) The need for multiple punctures in the heart muscle to infuse standard biological material while performing cell therapy made us aware that the percutaneous needle could generate greater technical difficulty, so we propose that it be used with the surgical technique of video thoracotomy; and 4) The device should be used for intraoperative stem cell injections, but it has not been used in humans yet.
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    ABSTRACT

    INTRODUCTION: During cardiac arrest, end-tidal CO2 (PetCO2), VCO2 and coronary perfusion pressure fall abruptly and tend to return to normal levels after an effective return of spontaneous circulation. Therefore, the monitoring of PetCO2 and VCO2 by capnography is a useful tool during clinical management of cardiac arrest patients..

    OBJECTIVE: To assess if PetCO2, VCO2 and coronary perfusion pressure are useful for the prediction of return of spontaneous circulation in an animal model of cardiac arrest/cardiopulmonary resuscitation treated with vasopressor agents..

    METHODS: 42 swine were mechanically ventilated (FiO2=0.21). Ventricular fibrillation was induced and, after 10 min, unassisted cardiac arrest was initiated, followed by compressions. After 2 min of basic cardiopulmonary resuscitation, each group received: Adrenaline, Saline-Placebo, Terlipressin or Terlipressin + Adrenaline. Two minutes later (4th min of cardiopulmonary resuscitation), the animals were defibrillated and the ones that survived were observed for an additional 30 min period. The variables of interest were recorded at the baseline period, 10 min of ventricular fibrillation, 2nd min of cardiopulmonary resuscitation, 4th min of cardiopulmonary resuscitation, and 30 min after return of spontaneous circulation..

    RESULTS: PetCO2 and VCO2 values, both recorded at 2 min and 4 min of cardiopulmonary resuscitation, have no correlation with the return of spontaneous circulation rates in any group. On the other hand, higher values of coronary perfusion pressure at the 4th min of cardiopulmonary resuscitation have been associated with increased return of spontaneous circulation rates in the adrenaline and adrenaline + terlipressin groups..

    CONCLUSION: Although higher values of coronary perfusion pressure at the 4th min of cardiopulmonary resuscitation have been associated with increased return of spontaneous circulation rates in the animals that received adrenaline or adrenaline + terlipressin, PetCO2 and VCO2 have not been shown to be useful for predicting return of spontaneous circulation rates in this porcine model.

    Keywords: Heart Arrest, Induced. Cardiopulmonary Resuscitation. Capnography. Epinephrine.

  

   

   

  INTRODUCTION

  Cardiac arrests occur daily in large numbers in several countries of the world and, for the most part, result in death. Cardiopulmonary resuscitation (CPR) is proposed by the American Heart Association (AHA) as an easy intervention, with the goal of reducing the number of deaths, despite discouraging statistics showing that only a small number of patients survive after this event. The use of methods that assess the effectiveness of CPR and that are preferably non-invasive, indicating the metabolic state and the dynamics of the cardiovascular system, would be of great value. Essentially, CPR consists of manual compressions of the patient's thorax, in an effort to help create an artificial anterograde blood flow, combined with either a noninvasive ventilation technique (e.g., mouth-to-mouth) or invasive mechanical ventilation in order to oxygenate the blood that reaches the lungs[1].

  Capnography presents itself as a non-invasive method, applicable at the bedside, that allows for the assessment of cardiorespiratory status both in experimental[2-6] and clinical studies[7-12]. In addition, it is considered an indicator and/or guide for decisions that enables the assessment of the quality of the CPR maneuvers[13]. Capnography evaluates and monitors physiological conditions by measuring exhaled CO2 through an infrared light sensor. CO2 excretion (VCO2) and partial pressure of CO2 at the end of the exhalation (PetCO2) are indicative of O2 consumption by the oxidative metabolism in the tissues and those values are closely related to the pulmonary ventilation/perfusion ratio (V/Q); hence, it is expected that both will increase in an effective CPR. Therefore, the monitoring of exhaled CO2 has been proposed and used as a non-invasive method to assess cardiorespiratory function, especially in situations of decreased cardiac output (DC), such as during shock and CPR, and its use is compulsory in Surgical Centers[14].

  Capnography has been regarded as a potentially useful monitoring method in evaluating the effectiveness of CPR maneuvers, despite limitations and controversies surrounding the subject[15]. Animal and human studies have shown a good correlation between PetCO2 and DC during stages of decreased blood flow and during CPR[16]. PetCO2 can reflect the pulmonary blood flow generated in CPR if CO2 production and alveolar ventilation are relatively constant during resuscitation maneuvers; however, it is difficult to be measured when CPR is stopped because of changes in the alveolar dead space and minute volume ratio, which affects the correlation between PetCO2 and DC[17].

  Some studies suggest that the increase in PetCO2 during CA is a predictor of the success of the CPR. Considering the event of cardiac arrest, CPR and the post-event, we can find several changes in PetCO2 levels. It is known that the values of PetCO2 at the beginning of ventricular fibrillation (VF) fall significantly, and this reduction is attributed to decreased pulmonary blood flow, which is insufficient to carry and eliminate the CO2 produced in the tissues. Evidently, in extreme cases of low DC, there would also be a lower CO2 production because of the anaerobic metabolism, given the low O2 supply to the tissues. Once CPR is started, and it is effective in oxygenating the blood and increasing the tissue flow, PetCO2 values also increase, as an increase in blood flow must occur in the pulmonary capillaries, which in turn results in the exhalation of CO2. When the return of spontaneous circulation (ROSC) occurs, those values increase significantly, reaching levels comparable to those before CA. These changes are useful to quantify the effectiveness and success of the CPR maneuvers as well as to assess the cardiorespiratory status of the patient after ROSC. It has been observed that there is no survival for a PetCO2 < 5 mmHg[18].

  Some studies have mentioned a few factors that can affect the levels of CO2 eliminated by expiration. Among them, we can mention alveolar ventilation, DC, the area of distribution of blood flow in the body, and the production of CO2 by tissues. Some authors also reported that the measurement of CO2 is not able to reflect the certain success of CPR, since the results do not confirm those reported in studies that have measured other parameters[19]. However, capnography is still used and regarded as the best and most effective non-invasive method of measuring the elimination of CO2 in Emergency Rooms, Surgery Centers, and ICU in cases of CA, being considered essential when performing CPR, for decision-making, assessment of its initial success (ROSC), and subsequent clinical evolution (cardiorespiratory stabilization).

  The objective of this study was to assess if PetCO2, VCO2, and coronary perfusion pressure (CorPP) values are useful in predicting the success of ROSC in an animal model of CA/CPR using vasopressor agents.

   

  METHODS

  This study was approved by the Institutional Review Committee for Experiments with Animals (EAEC-IB-Unicamp-1276-1/2007) and it was conducted in the laboratory of Experimental Surgery and Medicine, School of Medical Sciences – Universidade Estadual de Campinas (UNICAMP), São Paulo, Brazil.

  The methods used were the same as the ones described in the novel article of Ovalle et al.[20], using forty-two Large-White, immature swine, weighing approximately 20 kg, which presented ROSC. Under anesthesia with ketamine (10 mg.kg-1 intramuscularly) and thiopental (25 mg.kg-1 intravenously), the animals were intubated endotracheally and ventilated with FiO2=0.21 (and positive pressure at the end of exhalation of 0 cmH2O), a fixed respiratory rate (10 cpm), and a tidal volume ranging from 15 to 20 mL/kg (Ventilator DX-3010®, Dixtal, Brazil), in order to maintain a PetCO2 between 36-44 mmHg (Respiratory Profile Monitor CO2SMO Plus 8100®, Dixtal/Novametrix, Respironics, Murrisville, PA, USA). Surgical vascular catheterizations were performed to measure pressure in the thoracic aorta and the right atrium (DX-2020®, Dixtal, Brazil).

  Using a bipolar pacemaker placed on the right ventricular cavity, we induced VF, which remained without assistance for 10 minutes. Then, the animals were kept in the supine position and reattached to the mechanical ventilator, and we started CPR (100 compressions/10 ventilations/min, continuously, without alternating with chest compressions).

  After two minutes, the animals were allocated into four groups (randomized and blind), receiving via central IV: Group 1 - Adrenaline (ADR – 45 µg.kg-1); Group 2 - saline-placebo (10 ml); Group 3 - Terlipressin (TP* – *Glypressin®, Laboratórios Ferring Ltda., Brazil – 20 µg.kg-1); and Group 4 - TP (20 µg.kg-1) + ADR (45 µg.kg-1). All drugs were diluted in saline solution (10 ml), in equal syringes, thus the main resuscitator did not know what drug was being administered.

  Two minutes after injecting the drugs, defibrillation was performed with sequential shocks (every 15 seconds) of 200 J (Biphasic Defibrillator, Cardiomax, Instramed, Brazil), until ROSC, a pace other than VF was obtained or 2 minutes of attempts had elapsed. We set the return of spontaneous circulation as the recovery of spontaneous heart rate with a systolic blood pressure > 60 mmHg for > 5 minutes. The animals were considered as survivors when they remained alive, with a systolic blood pressure > 60 mmHg, without the use of additional vasopressor agents for 30 minutes after ROSC.

  During spontaneous circulation, CorPP was calculated as the difference between mean arterial pressure and mean central venous pressure. During CPR maneuvers, CorPP was calculated as diastolic arterial pressure (decompression) minus central venous pressure (decompression)[21]. At the completion of the experiment, all animals resurrected were killed with an overdose of thiopental and 19.1% potassium chloride.

  Statistical Analysis

  Initially, we performed a descriptive analysis, presented in the form of tables with frequency and measures of the location and dispersion of values. For comparison of the parameters assessed in only one moment between the groups, we used the Kruskal-Wallis test. For comparison of the parameters measured among the groups and times, we used the analysis of variance (ANOVA) for repeated measures, with transformation by posts, followed by multiple comparisons through the Tukey test for the location of differences between groups and the profile test for contrasts for the location of the differences between times. To verify the difference between proportions, we used Fisher's exact test. Statistical tests were bilateral and the significance level adopted was 5% (P<0.05).

   

  RESULTS

  In Table 1, we describe the values of the following variables:
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    • PetCO2 (mmHg) measured at baseline (before induction of CA), two minutes of CPR (before the injection of drugs), and 4 min of CPR (2 min after the injection of drugs and immediately before ventricular defibrillation); there were no statistically significant differences between the groups;.

    • VCO2 (mL/min) measured at baseline (before induction of CA), two minutes of CPR (before the injection of drugs), and 4 min of CPR (2 min after the injection of drugs and immediately before ventricular defibrillation); although there was a statistically significant decrease in VCO2 at 2 min and 4 min of CPR in relation to baseline, there were no statistically significant differences between the groups at any moment;.

    • CorPP (mmHg) measured at baseline (before induction of CA), two minutes of CPR (before the injection of drugs), and 4 min of CPR (2 min after the injection of drugs and immediately before ventricular defibrillation). A statistically significant increase in CorPP between the 2 min of CPR (before the injection of drugs) and 4 min of CPR (2 min after the injection of drugs) was observed in the ADR and ADR+TP groups compared to the placebo and isolated TP groups (which was equal to placebo);.

    • Baseline rectal temperature (ºC): ADR: 39.0±0.7; Placebo: 39±0.5; TP: 39.3±0.6; and ADR+TP: 39.6±0.4 (P=0.2085).

  

  Those same variables are shown in Figures 1, 2 and 3
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  DISCUSSION

  Several studies, both clinical and trial, have investigated the prognostic value of capnography in CA/CPR. The PetCO2 measured by capnography in intubated patients has been correlated with the quality of CPR maneuvers and with ROSC, considering that it is directly related to DC, which in turn is directly related to pulmonary blood flow, PetCO2 being its reflection[22]. However, no experimental model under invasive mechanical ventilation (IMV), with PEEP=0 cmH2O and FiO2=0.21, has assessed PetCO2, VCO2, and CorPP in the prediction of success of ROSC on unassisted CPR for 10 min using terlipressin (a pro-drug, a vasopressin synthetic analogue, with a longer half-life than vasopressin), adrenaline and their combination as vasopressor agents, in addition to placebo.
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  In several published studies, PetCO2 has proved to be a useful variable in assessing the effectiveness of CPR maneuvers and results in different models of CA.

  In the 1980s, Sanders et al.[23] monitored the elimination of CO2 (VCO2) in experimental studies of CA/CPR. The elimination of CO2 was assessed in different types of chest compression, and the study reported that all types of maneuvers increased PetCO2. Little more than a decade later, Blumenthal et al.[24], also in an experimental study, measured PetCO2 and VCO2 and concluded that higher values of PetCO2 during and after CPR were associated with a better prognosis.

  In our study, there was no statistically significant association between the times and the registered values for PetCO2 with ROSC, although a sudden and immediate increase in PetCO2 at the beginning of the CPR was observed, which expresses the pulmonary blood flow, and thus, DC. The data indicates that PetCO2, both at 2 min and 4 min of CPR (more importantly, because it was after the administration of the drugs), is not correlated with ROSC rates, i.e., it was not different among the four groups. Nevertheless, we have to consider that in our study the CA/CPR model was performed on very young (immature) animals, being an extreme CA model, for 10 min without any assistance, and, after this period, the animals were ventilated with an initial FiO2 (0.21). We should also highlight the fact that we did not alternate between ventilation and compression, which may have compromised the effectiveness of the alveolar ventilation.

  In relation to VCO2 at 2 and 4 min of CPR, it did not differ statistically between the four groups and, therefore, it was not indicative of ROSC. On the other hand, CorPP proved to be significantly higher in the ADR and ADR+TP groups compared to the Placebo and Terlipressin groups at 4 minutes of CPR, which indicates that CorPP was a predictive factor for ROSC.

  Human studies use other variables to assess the successful prediction of ROSC. Different criteria are used, but capnography is also the main focus of the prognostic assessment after CA. One of the first studies in the 1980s by Garnett et al.[25] assessed patients under IMV who presented CA, and they concluded that the monitoring of PetCO2 during CPR can be useful and serve as a guide during resuscitation maneuvers.

  Another clinical study, conducted by Sanders et al.[26], assessed PetCO2 in patients subjected to CPR. The authors reported that all patients listed and those who presented ROSC showed an average PetCO2 > 10 mmHg. None of the patients with an average PetCO2 < 10 mmHg presented ROSC. The data in this prospective clinical test indicate that the monitoring of PetCO2 during CPR can be useful in the prediction of ROSC in CPR in humans.

  PetCO2 values have been correlated with CorPP and ROSC rate. Thus, in an animal model (dogs) of CA/CPR, Sanders et al.[27], in another study, found a significant correlation (P<0.01) between PetCO2 and CorPP. The data in this study were confirmed by the same group, in the same year, with small variations in the method. However, the actual physiological relationship between CorPP and PetCO2 during CPR remains uncertain[23].

  In our study, we have observed a significant increase in CorPP (P<0.0001) in the 4th minute of CPR (after drugs) in relation to the 2nd min (before drugs) of CPR in the ADR and ADR+TP groups. However, the same behavior was no observed in PetCO2 and VCO2.

  The use of vasopressor agents is suggested in the first cycles of CPR[25]. For different types of CA, vasopressor, adrenaline or vasopressin can be administered in order to increase myocardial and cerebral blood flow. In the study of Ovalle et al.[20], the use of some vasopressor agents during CPR was assessed. It was observed that ADR and its combination with terlipressin, but not isolated terlipressin, were effective in increasing CorPP and ROSC. Furthermore, the ADR+TP combination provided greater hemodynamic stability after ROSC in the surviving animals, suggesting that TP can be a useful drug in handling hypotension after CPR[28].

  In most published studies, both clinical and experimental ones, the initial, final, maximum and minimum readings show higher values of PetCO2 in patients who presented ROSC. These authors highlight that clinical studies receive influences from diseases already present in patients, and this factor should be considered[18].

  The PetCO2 values assessed in many (clinical and experimental) studies can assist in verifying the effectiveness of CPR maneuvers in order to guide, with due caution, the actual results of resuscitation, since very low PetCO2 values may indicate that there is no more reason to continue the efforts of CPR[29].

  In short, PetCO2 and VCO2 values obtained by volumetric capnography have differed from the findings in some published studies. In addition, those values are not correlated with hemodynamic variables (CorPP) or with ROSC rates in our experimental model with immature swine, in which CA was induced by ventricular fibrillation and the animals remained without assistance for 10 min with subsequent CPR. It should be noted that the animals were under IMV, with FiO2=0.21 and PEEP=0 cmH2O, and we used vasopressor agents (ADR and TP; isolated or in association).

   

  CONCLUSION

  From the results obtained in the study, both PetCO2 and VCO2 showed no correlation with ROSC, although VCO2 was 50% lower during the CPR maneuvers (would it be more sensitive in the detection of a decrease in pulmonary blood flow?). Although we cannot affirm with certainty, some hypotheses were made to explain this fact, namely: FiO2=0.21 during the entire experiment, immaturity of the animals, time of non-assistance after CA (10 minutes), and positive pressure (IMV) in the CPR, which may have led to an even sharper decrease in the right preload. Thus, further studies are needed to verify the value of volumetric capnography (PetCO2 and VCO2) to guide the effectiveness of CPR maneuvers, especially with the use of adjuvant vasopressor agents.
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Table 2. Descriptive analysis and comparison of the percentage of survivors among the groups.

Survivinggroups | ADRTP(n=11) | ADR(n=10) | Placebo (n=10) TP (n=11) Total (n=42)
Non (%) 2(18) 200 860 1001 262
Yes n (%) 962 8(60) 200 19 2008

P<0.0001 (Fisher's test)
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Table 2. Radiation exposure and aneurysm characteristics.

DAP Fluoroscopy time
Mean sd P Mean sd P

Neckangle <50% 37 17 179 179

<0001 <0001
Neck angle > 50% 66 43 281 143
Neck calcification < 50% 48 33 219 17

5005 >005
Neck calcification > 50% 5 28 192 6
Necklength > 10 mm 49 33 22 n7

5005 >005
Necklength < 10 mm 45 21 197 77
Neck diameter < 28 mm 46 31 24 15

=0003 >005
Neck diameter > 28 mm 85 46 279 86
Neck thrombus < 50% 49 33 219 15

5005 >005
Neck thrombus > 50% 44 27 206 14
Left common fliac diameter < 20 mm 44 29 207 n

=003 0018
Left common fliac diameter > 20 mm 66 39 266 19
Right common fiac diameter < 20 mm 42 28 207 109

=0001 =0004
Right common liac diameter > 20 mm 64 38 248 127
With significant fiac tortuosity 48 37 216 131

>005 5005
Without significant liac tortuosity 56 33 242 9
Aneurysm diameter > 60 mm 37 19 19 103

<0001 =0007
Aneurysm diameter < 60 mm 58 38 243 19
Aortic aneurysm 43 28 20 106
Aortic and bilateraliac aneurysm 71 49 =0005 251 141 5005
Aortic and unilateral fiac aneurysm 53 28 235 122
Without anatomic risk factors 38 27 191 104 =0009
With 1 anatornic risk factor 48 27 <0001 22 107 =0005
With 2 or more anatomic risk factors 67 4 262 132 =0039

DAP—dose area product Sd—standard deviation
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Table 1. Radiation exposure and patients characteristics.

Fluoroscopy time

DAP (mGym?) (minutes)

hoe Mean_ | Goaion| Mo | devtion

<70yeas | 48 4 20 129

7080years | 47 42 219 99

>80years | 28 28 237 1
Gender

Male 48 33 2 16

Female 37 17 19.1 86
BMI

<25 44 27 236 114

2530 24 31 191 98

>30 67 39 137 137

ody mass index; DAP—dose area product
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ABI = Aorto-bhliac
ALARA = As Low As Reasonably Achievable
AUl =Aorto-unkiliac

Body mass index

CT =Computerized tomography

DAP = Dose area product

EVAR = Endovascular aortic aneurysm repair
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Table 3. Multiple regression model concerning exposure to radiation.

Unstandardized Standardized 95% Confidence Interval
Coefficients Coefficients forB
Model B Std. Error Beta t Sig. | LowerBound | UpperBond
(Constant) 0197 0292 0673 0503 0776 0382
BMI 0049 o011 03% 440 0000 0027 o071
Neckangulation 0382 0096 03 30m2 0000 0192 0573
Aneurysm diameter 0211 0003 01gs 226 005 00% 0395
Neck diameter 0365 o191 014 1916 0058 0012 0743
Aneurysm type 0230 0101 0164 2270 0025 0029 0431
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Table 4. Literature review.

Procedure

Fluoroscopy time

DAP Min

DAP Max

DAP Mean

First author (year) (N cases) (minutes) (mGym3) | (mGym?) | (mGy.m?) Mode
Geijer et al.”' (2005) ABI (24) 284 166 1950 723 Low dose
Weiss et al.* (2008) ABI(12) 206 521 2454 1517 NA
‘Weerakkody et al® (2008) ABI (96) NA 9 659 15 NA
Kalef-Ezra et al#(2009) ABI (62) 26 090 28 405 Low dose
Maurel et al Z (2012) ABI (188) 12 043 28 405 Low dose pulsed
Our results ABI (88) 225 113 162 47 Low dose pulsed
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ig. 1 - Postoperative aspect of minimally invasive surgery through right mini-thoracotomy for aortic valve replacement.
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Table 1. Types of aortic vaive lesions: patients of sternotomy group (5T) and minimally invasive surgery (MIS).

Total st ms
N=37 N=22 (59%) N=1541%)
Double dysfunction 17 (46%) 13 (59%) 427%)
Aortic stenosis 11 (30%) 2% 9 (60%)
Aortic regurgitation 9(24%) 7(32%) 2(13%)
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Fig. 4 - Management and prognosisof patients with a quadicuspid aortic valve?™.

AR=aortic regurgitation; AS=gortic stenosis; AV=aortic valve; AVR=aortic valve replacement; IE=infective endocardits; QAV=quadicuspid
cortic e
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Fig. 1 - Hurwitz & Roberts® classification of quadricuspid aortic
valve with Vali et al ™ supplement.
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Fig. 2 - Nakamura et al"" simplified classification of quadicuspid
aortc valve

=lft coronary cusp; N=non-coronary cusp; R=right coronary cusp;
S=supernumerary cusp
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Fig. 1 - Examples of no-touch and endoscopic vein harvesting (EVH) techniques. A - Schematic drawing of the long incisions (red) at calf
and thigh for exposure of saphenous vein (5V) (blue) by the no-touch technique. B ~ Schematic drawing of the smll incisions (red) made
at levels of upper thigh (~04 cm), knee (~3 cm) and ankle (~0.4 cm) using EVH system. A1 - Surgery photograph at the surface of the heart
(right atrioventricular sulcus) showing the SV graft stripped of perivascular adipose tissue (PVAT) remaining intact when removed from the leg
by no-touch technique. B - Surgery photograph at the surface of the heart (ight atrioventricular sulcus) showing the SV graft stripped of
PVAT when removed from the leg by EVH system. A2 ~ Histological photograph of a SV segment, harvested by the no-touch technique, with
preserved PVAT. The histology shows an intact endothelium lining intima () of the lumen (L) and normal appearance ofthe tunica media (TW),
adventitia (Adv), vasa vasorum (W) and perivascular adipose tssue (PVAT). B2 - Histological photograph of a SV segment, harvested by the
EVH technique, with total removal of PVAT.The histology shows regions of endothelial denudation and damage o the intima () tunicamedia
(TM) and adventitial (Adv).
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Abbreviations, acronyms & symbols

CABG  =Coronary artery bypass surgery

EACTS  =European Association for Cardio-Thoracic Surgery

ESC  =European Society of Cardiology

EVH  =Endoscopic vein harvesting

ISMICS =Intemational Society of Minimally nvasive Cardiothoracic
surgery

A =intemal thoracicartery

OVH  =Open vein harvesting

SV =saphenous vein
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Abbreviations, acronyms & symbols

AR =Rortic regurgitation
QAV  =Quadricuspid aorticvalve
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Fig. 1 - Instrument Design. A - External needle; B - Lateral holes for
infusion; € - Blunt tip punch + brush mandrel- D - Intemal mandrel.
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Fig. 2 - Instrument Design. Flexible metallc bristles (‘Feather
mandrel"as an option to the brush mandrel).
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Fig. 3 - Percutaneous puncture technique. A - The percutaneous
needle s introduced at a point 1 to 2 cm away from the apex of the
heart; B - it reaches the left ventricular cavity (ulsed blood jetting);
C-Aslight andslow retreat of the needle until the blood etting stops
means that the muscular wall of the lef ventricular myocardium
completely occiuded the holes; and D - The operator introduces the
mandrel with brisles for scraping so as to create microles

After withdrawing the brush mandrel, the syringe containing
the biological material o be infused into the previously scarified
myocardium can be engaged.
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Fig. 3 - Comparative evolution of the variables assessed at baseline
(0), 2 min of CPR (2) and 4 min of CPR i the groups studied. Average
value and standard deviation of CorPP in each moment and group.
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Table 1. Descriptive analysis and comparisons of the variables assessed at baseline (0), 2min of CPR (2), and 4 min of CPR (4) within
and among groups.

ADR+TP (n=11) ADR (n=10) Placebo (n=10) TP (n=11) P
PetCO, 0% 425452 304435 434335 40416 -
Vo2 0¢ 12124205 13344537 11024212 1193408 i
CorPPO* 889:21 89.7+195 91.0+183 855232 s
PetC0; 2% 5074131 374514 4345163 424177 -
Vo, 2 4872275 5754302 4758212 4531245 v
CorPP 20 2132104 1262121 227£135 202£155 5
PetC0, 4% 443115 4366193 463+124 510+194 -
Vo 4 4644311 4964329 4924213 3554255 i
CorPP4° 446131 53.1+152 137412 70+105 s

ADR=adrenaline; TP=terlipressin; PetCOz=end-tidal carbon dioxide tension (mmHg); VCO:=carbon dioxide excretion;
CorPP=coronary perfusion pressure

* Results of the ANOVA for repeated measurements with transformation for posts:

Effect of group, P=0.5427; effect of time, P=0.1317; group/time interaction, P=0.3043.

"Results of the ANOVA for repeated measurements with transformation for posts:

Effect of group, P=0.7530; effect of time, P=<0.0001; group/time interaction, P=0.8622.

Differences between times (profle test for contrast):

Basal *2CPR, P<0.0001; basal *4CPR, P<0.0001; 2CPR * 4CPR, P=0.2286.

5Results of the ANOVA for repeated measurements with transformation for posts:

Effect of group, P=0.0012; effect of time, P<0.0001; group/time interaction, P<0.0001

Fixed group and time comparison (profile test for contrast):

Placebo group, P<0.0001; Basal < 2CPR, P<00001; basal e 4CPR, P<0.000T; 2CPR s 4CPR, P=0.06.

Adrenaline group, P<0.0001; Basal «s 2CPR, P<0.0001; Basal s 4CPR, P<0.0014; 2CPR e 4CPR, P<00001

Terlipressin group, P<0.0001; Basal s 2CPR, P<0.0001; Basal s 4CPR, P<0.0001; 2CPR e 4CPR, P=0.0072.

ADRSTP group, P<0.0001; Basal «—» 2CPR, P<0.0001; Basal «» 4CPR, P=0.0003; 2CPR s 4CPR, P<0.0001

Setting time and comparing groups (Tukey test)

Basal, without differences, P0.9369; 2CPR, without differences, P~0.2341; #CPR, with differences in Placebo and Adrenaline;
Adrenaline and Terlipressin: ADR+TP and Placebo; Terlipressin and ADR4TP. P<0.0001.
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value and standard deviation of VCO2 in each moment and group.
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Fig. 2 - Box plot of ‘time to complete the anastomosis" in each
technique.

This graph represents the distribution of the variable. The box
represents the percentiles 25, 50 and 75, and the square on the
middle, the mean. The x represents percentiles 1 and 99 (minimurm
and maximum values).
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Table 1. Patient demographics.

Variables Group 1 (n=34) Group 2 (n=25) Pvalue

Age 659149.16' 6764:895' 0473

Gender
Male 22 (647%) 18 (72%) 0756"
Female 12(353%) 728%)

Diabetes mellitus 76% 5 20%)

Hyperlipidemia 10 294%) 862%

Cardiovascular disease 90265% 13 (52%)

Hypertension 22 (647%) 20 (80%)

Previous vascular surgery 4018% 4(16%)

CoPD 3(88%) 1(4%)

CRF _ 1(4%)

Smoking 13(38.2%) 11 (44%)

Previous permanent stroke 9265%) 604%

A 7 206%) 11 44%)

"mean + standard deviation; COPD=chronic obstructive pulmonary disease; CRF=chronic renal failure; TIA=transient ischemic attack

*Unpaired t test **Continuity correction test ***Fisher's exact test
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4 - A: graft appearance immediately after implantation.
 after immediate sacrifice. Note that in this picture the graft is
posiioned inversed in relation to the operative field picture (Group
1).at: distal sutured anatomosis prepared for tensie strength test
(onlysuffcient scar tissue was removed o allow fixation of the graft
to the testing arms. B: graft appearance on post-operative day 30
before explantation. Note the intense scar tisue around the grafr
after explantation. Note that in this picture the graft is positioned
inversed in relation to the operative field picture (Group 2). b1 -
proximal telescoped anastomosis prepared for tensile strength test.
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Table 4. Procedures.
Procedures Group 1 Group2
‘CEA + primary closure 5047%) 2(8%)
‘CEA + saphenous vein patch plasty 4018%) 2(8%)
‘CEA + PTFE patch plasty 18 (52.9%) 15(60%)
CEA+CABG _ 4016%)
‘CEA + saphenous vein patch plasty + CABG 269%) 1¢%)
‘CEA + PTFE patch plasty + CABG 5047%) 1¢4%)
Palue 0852

CABG=coronary artery bypass grafting; CEA:
*Kolmogorov Smirmnov two sample test

rotid endarterectomy; PTFE-polytetrafluoroethylene.
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Table 2. Laterality.

Leftcarotid P Leftcarotid + | Right carotid +

Groups disease. isease. coronary artery | coronary artery Pvalue
disease disease

Group 1 12(353%) 16 (47.1%) 4(11.8%) 2(59%) 0974

Group 2 12 48%) 7 28%) 302%) 3(12%)

*Kolmogorov Smirmnov two sample test
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Table 3. Operative data.

Variables Group 1 (n=34) Group 2 (n=25) Pvalue
x-clamp 3329+509 3632+487 0025"
Mortality 4(11.8%) 7 0130
Use of shunt 22(64.7%) 4(16%) 0001
Type of anesthesia
Local 3(88%) 1(4%) 0630
General 3191.2%) 24 (96%)
Postoperative stroke 2(6.1%) 2(7.7%) 1.000"
Nerve damage 2 (5.9%) 0503

*Unpaired t test **Continuity correction test ***Fisher’s exact test
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Table 1. Price of permanent materials used to manuiacture the simulator. (Prices obtained in the first semester of 2015).

Permanent Material

Transparent plastic box with lateral flaps (32 x 22 x 10 cm) US$ 266
Wooden shelf - smooth finishing (40 x 20x 1.5 cm) US$ 668
Welding cap-40 mm US$ 045
Welding cap- 25 mm Uss 042
Sewer pipe elbow (50 mm - 45 degrees) Us$ 132
Simple sewage pipe sleeve (40 mm) Us$ 042
Paper clip - 19 mm (package with 10 units) Uss 707
Elastic bands (package with 110 units) US$ 100
Screw - 42 x 13 mm (box with 500 units) US$ 667
Total US$ 1920
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Table 2. Price of materials used in cardiovascular surgery training exercises (obtained in the firstsemester of 2015).

Material Price ay Cost
Siicone ice tray USS 1390 ! US$ 463
Cupcake silicone mold - 7 cm (box with 12 units) Uss 7.17 12 Uss 717
Cupcake silicone mold - 5 cm (box with 12 units) Uss 7.17 6 US$ 359
EVA rubber mats (40 x 60 cm - package with 5 units) US$ 450 [ Us$ 090
Common rubberized fabric (1.40 m wide - price of the linear meter) US$ 600 10 commission US$ 060
Spaghetti balloon (8-unit package) Uss 192 1 package Uss 192

Total USS$ 1881
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COPD  ~Chronic obstructive pulmonary disease
U =intensive care unit

PTFE  —Polytetrafiuoroethylene

PSS  =statistical Package for the Social Sciences
TA  Transientischemicattack






OPS/images/a11img06.png
Authors' roles & responsibilities

vy

AcO

SH

FNT

sc.

Conception and study design; analysis_and/or data
interpretation; manuscript writing or critical review of it
content; final manuscript approval

Conception and study design; analysis andior data
interpretation; manuscript writing or critical review of it
content; final manuscript approval

Conception and study design; realization of operations
and/or trials; manuscript writing or critical review of it
content; final manuscript approval

Analysis andior data interpretation; statistical analysis;
manuscript writing or critical review of Its content; final
manuscript approval

Analysis andlor data interpretation; statistical analysis;
final manuscript approval

Conception and study design; manuscriptwriting or critica
review of its content; final manuscript approval






OPS/images/publicidade4.png
CONVENIENCE
AND INTERACTIVITY

ACCESS THE FULL CONTENT (S
AT BJCVS ANY TIME OR PLACE s






OPS/images/a12img05.png
nding aort






OPS/images/publicidade3.png
4 High Technnln
& Acquiring knuwle e

Sac 0“ to emplny it better

ATTENTION
CARDIOVASCULAR SURGEONS

The Cardiovascular Surgery Community
will meet in the beautiful city of Rio de Janeiro
on April 20-22, 2017

Don't miss this opportunity!

Register at early bird rates by january 31, 2017:
www.sbccv.org.br/44congresso

Sosucate
Eraiorade

=3 mci





OPS/images/a12img06.png





OPS/images/rodape.png
@ CME available at www.bjovs.org/cme

@ #ricte with coored images, se them wwnw s org Printed In Brazil






OPS/images/a12img03.png
theses, one of whict
for passing the “pr






OPS/images/sumario.png
BRAZILIAN JOURNAL 155N 01097638 - Pt~
OF CARDIOVASCULAR
SURGERY Impact Factor: 0.526

Braz J Cardiovasc Surg (530 Paulo, SP - Brazil) NOV/DEC - 2016;31(6):415-479






OPS/images/a12img04.png





OPS/images/publisher.png
=y }uuma/of(;/ :

30

YEARS
W< ams,

O





OPS/images/gn1.png
!l) editora

wWww.gn1.com.br





OPS/images/publicidade2.png
INOVARE®

Transcatht?er Valve Prosthesis

&)
P
N4

Aortic

\S!enosis ~ TAY a

Mitral

{ Valve-in-Valve

\

DIAMETERS:
20 to 30 mm

20 mm

—_—
20, 22, 24, 26, 28 and 30mm

© @
SBRAILE
www.braile.com.br
(+55) 17 2136.7000 [m]





OPS/images/a12img07.png





OPS/images/publicidade1.png
Challenges in the past built the
present and design the future

Its history comes from the Sociedade Brasileira de Cirurgia
Cardiovascular (SBCCV), which was founded in 1969,
initially as the Department of Cardiovascular Surgery of
the Sociedade Brasileira de Cardiologia (SBC). Professor
Euryclides Jesus Zerbini was the President and, Professor
Adib Jatene, the Secretary General.

At the General Meeting held in 1986, the Department
of Cardiovascular Surgery became the Brazilian Society
of Cardiovascular Surgery, whose status provided for the
creation of an official publication organ.

In August of that same year, the Brazilian Journal of
Cardiovascular Surgery was founded, with Professor Adib
Jatene as the editor-in-chief until 1996, year in which
Professor Fabio Jatene took office. In 2002, Professor
Domingo M. Braile became the editor-in-chief, who has
been in office until nowadays.

From 1987 to 1991, the journal was published every four
months and from 1992 until 2014, quarterly. It has been
bimonthly and published in English only since 2015,
in an effort to increase its reach and relevance in the
international scenario. It stands out for being the only
journal on cardiovascular surgery published regularly in
Latin America, sharing the Brazilian experiences, as well
as providing open access to all.

These 30 years followed a major development of
cardiovascular surgery in Brazil, increasing the quality of
published articles, besides raising the level of relevance
of the BICVS, which is expressed by the articles received
from various parts of the world and the indexing
databases as SGiELO, SClmago, LILACS, PubMed,
Thomson Reuters and PubMed Central, in addition to the
significant number of accesses to the journal's website.

In 2016, the Brazilian Journal of Cardiovascular
Surgery celebrates its 30" anniversary

BJCVS
BRAZILIAN JOURNAL OF
ARDIOVA R SURGER

The future challenge is to maintain the quality standard
achieved, increasing the level of publications and
striving for excellence. It is important to remember that
our researchers have indispensable role in this process,
since they are the ones who produce and disseminate
the studies that show the quality of the Brazilian
Cardiovascular Surgery in its various aspects.

' Sociedade
Brasileira de
Cirurgia
Cardiovascular
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Fig. 2 - Time (min. of cardiopulmonary bypass (CPB) and aortic
clamping (AC) in the stemotomy group (ST) and minimaly invasive
surgery (MIS).
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Fig. 3 - Bleeding (in mi) i the intraoperative period (510), 12h (512)
and 24 (524) of postoperative in ST and MIS groups.
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Fig. 4 - Duration of mechanical ventiation in ST groups.
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Fig. 2 - NADPH oxidase activity on human aortas of patients with
severe aortoiliac occlusive stenosis (SAS) and with total aortoiliac
occlusion (TAC). Values are expressed in mean and the brackets
represent interval of confidence of 95%. ANOVA followed test t.
*P<0,05 when compared to control group.
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Fig. 3 - Superoxide dismutase (SOD) activity on human aortas of
patients with severe aortoiliac occlusive stenosis (SAS) and with total
aortoiliac occlusion (TAO). Values are expressed in mean and the
brackets represent interval of confidence of 95%. ANOVA followed
test t. *P<0.05 when compared to control group.
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Table 1. Clinical characteristics and surgical data of patients with severe aortoiliac stenosis (5A5) and totally aortoiliac occlusion
(TAO) submitied to aortobifemoral bypass.

Characteristics SAS group (n=9) TAO group (n=7) Palues
Mean age (years) 5774586 5514591 042
Women n (%) 4445) 467.0) 100
Tobacco use (%) 9(100) 7(100) 100
Hypertension (%) 5(889) 50714 053
Hyperlipidemia (%) 3634 2(286) 100
Dibetes (%) 2023 _ 047
BMI (kg/m?) 2584325 2181433 013
LVEF (5%) 60:267 6754801 006
Systolic pressure (mmHg) 131141996 120341424 079
Diastolic pressure (mmHg) 607483 7174157 019
Creatinine (mg/dl) 092:014 0941008 088
Perioperative death 0 [ 100
Duration of procedures (minutes) 269245434 228:449 025
Blood loss (ml) 637543169 614342033 087
Median postoperative days (range) 105 (7-14) 11619 056
Median ITU stay in hours (range) 46 2872) 40(30-58) 017
Lower preoperative ABI 0441013 039:008 048
Postoperative ABI 0784012 0841017 047
ABl=ankle-brachial index; BMI=body mass index; LVEF=left ventricular ejection fraction
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Fig. 1 - Levels of reactive oxygen species (ROS) on human aortas of
patients with severe aortoiliac occlusive stenosis (SAS) and with total
aortoiliac occlusion (TAO). Values are expressed in mean and the
brackets represent interval of confidence of 95%. ANOVA followed
testt. *P<0.05 when compared to control group; and 'P<0.05 when
compared to SAS group.
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Fig. 4 - Catalase (CAT) activity on human aortas of patients with
severe aortoiliac occlusive stenosis (SAS) and with total aortoilac
occlusion (TAO). Values are expressed in mean and the brackets
represent interval of confidence of 95%. ANOVA followed test t.
*P<0.05 when compared to control group; *P<0.05 when compared
to TAO group.
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Fig. 5 - Niite levels on human aortas of patients with severe
aortoiiac occlusivestenosis 54S) and with total aortoiliac occlusion
(TAO). Values are expressed in mean and the brackets represent
interval of confidence of 95%. ANOVA followed test t. *P<0.05 when

compared to SAS group.
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AAA = Abdominal aortic aneurysm

AOD = Aortolliac occlusive disease.
BMI  =Bodymassindex

CAT  =Catalase

DCF =27-dichlorofluorescein
H:0: = Hydrogen peroxide

intensive care unit

LVEF = Left ventricular ejection fraction
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NO  =Nitricoxide

NOS = Nitric oxide synthase
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OH-  =Hydroxyl radical
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ROS = Reactive oxygen species
SAS  =Severe aortolliac stenosis
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Fig. 1 - TAC evels for sham, control and silymarin groups.
P<0.001 (for all comparisons) compared with sham and control

groups
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Fig. 2 - TOS levels in sham, control and siymarin groups.
P<0.001 (for all comparisons) compared with sham and siymarin
qgroups
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Table 1 - Sham, control and silymarin groups blood biochemistry and tissue histopathological parameters.

Sham Group Control Group. Silymarin Group P
n=10 n=10 n=10 Kruskal-Wallis
TAC 1464032 139017 165:028* <0001
05 771122254 150.16:4462° 55811725 <0001
osl 522:081 1063201 348127 <0001
Lung 22104 62412 28406 <005
Kidney 28405 5:09" 3:07 <005
Liver 28104 92421° 38407 <005
Heart 1 [ 1 5005

TAC=total antioxidant capacity; TOS=total oxidant status; OS|=oxidative stress index

P<0.05 was considered s statistically significant,
“P<0.001 (forall comparisons) compared with sham and control group.
+P<0.001 (for all comparisons) compared with sham and silymarin group.
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VR =Ischemia-Reperfusion
05l =Oxidative stress index
TAC  =Total antioxidant capacity
TOs  =Total oxidative status
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Fig. 3 - OSllevels in sham, control and silymarin groups.
P<0.001 (for all comparisons) compared with sham and siymarin
groups
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